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fee “S53 «© @¥aprer I.—HIsToRY OF THE CASE. 


Ip had long been recognized that the consequences of injury to a 
peripheral nerve could not be adequately explained on any accepted 
theory of its structure and function. In 1901, Dr. Head and Mr. 
Sherren therefore determined to make a systematic examination of 
the patients attending the London Hospital for some nerve injury. 
The hospital patient is frequently an admirable subject for sensory 
experiments; at his best he answers “ Yes” and “ No” with certainty, 
and is commendably steady under the fatigue of control experiments. 
Moreover, the number of patients, who come to the London Hospital 
for such injuries, is so large that it is possible to eliminate entirely 
those who are found to be untrustworthy in consequence of misuse of 
alcohol or other causes. 

Most of the main facts of nerve distribution and recovery of sensa- 
tion can be elicited from a study of hospital patients by means of 
simple tests requiring no undue expenditure of time. But such 
patients can tell little or nothing of the nature of their sensations, 
and the time they are able, or willing, to give is insufficient for elabor- 
ate psycho-physical testing. 

It soon became obvious that many observed facts would remain 
inexplicable without experimentation carried out more carefully and 
for a longer period than was possible with a patient, however willing, 
whose ultimate object in submitting himself to observation is the cure 
of his disease. For instance, an examination of the part played by 
heat- and cold-spots in the return of sensation was impossible under 
clinical conditions. 

It is also unwise to demand any but the simplest introspection from 
patier.ts, to whatever class they may belong. ‘This side of the investiga- 
tion was, therefore, almost entirely closed to Mr. Sherren and Dr. Head. 
From the early days of their research, Dr. Rivers had acted as their 
guide and counsellor. His interest lay rather in the psycho-physical 
aspect of the work, and he was impressed with the insecurity of this 
side of the investigation. Introspection could be made fruitful by the 
personal experiences of a trained observer only. 

Lastly, we were anxious to investigate the functions of deep sensi- 
bility. Sherrington [25] had shown that muscular nerves contained a 
large number of afferent fibres. From the beginning of their research, 
Head and Sherren [17] had tried to determine the sensibility remaining 
after complete division of all cutaneous nerves without injury to the 
muscular branches. But accidental injuries of this kind are excessively 











+ 


} 
| 





A HUMAN EXPERIMENT IN NERVE DIVISION 325 


rare, and they were compelled to attack the problem by indirect and 
less satisfactory methods. As soon, therefore, as it was determined to 
make an experimental division of peripheral nerves, means were taken to 
ensure that the nature of these deep afferent fibres should come clearly 
to experimental investigation. 

At the time of the experiment, H. was nearly 42 years of age and in 
perfect health. Since boyhood he had suffered from no illnesses, excepting 
as the consequence of wounds in the post-mortem room. None of these 
had attacked his left arm or hand, which were entirely free from scars or 
other deformities. 

For two years before these experiments began he had given up 
smoking entirely. No alcohol was ever taken on the days during 
which he was under examination, and for some years he had abstained 
from alcohol except on holidays. 

On April 25, 1903, the following operation was performed by Mr. 
Dean,' assisted by Mr. Sherren. 

An incision 64 in. (16°5 em.) long was made in the outer bicipital 
fossa extending along the axial line of the left upper extremity; this 
wound was almost exactly bisected by the fold of the elbow. After 
turning back the skin, the supinator longus was hooked outwards, 
and the radial nerve (ramus superficialis nervi radialis) was divided 
at the point where it arises from the musculo-spiral (N. radialis). A 
small portion was excised, and the ends united with two fine silk sutures. 
The external cutaneous nerve (N. cutaneus antibrachii lateralis) was also 
divided where it perforates the fascia, above the point where its two 
branches are given off to supply the anterior and posterior aspects 
of the pre-axial half of the forearm. The nerve was sutured with fine 
silk, and the wound was closed with silk sutures, without drainage. 
The limb was put up on a splint with the forearm flexed at the 
elbow, and the whole hand was left free for testing. The wound 
healed by first intention. 

The following morning (April 26, 1903), the radial half of the back 
of the hand and dorsal surface of the thumb were found to be insensitive 
to stimulation with cotton wool, to pricking with a pin, and to all degrees 
of heat andcold. Around the base of the index and middle fingers was a 
small area insensitive to stimulation with cotton wool and von Frey’s 
hairs, where a response was obtained to the prick of a pin. No sensa- 
tion was evoked by any manipulation of the hairs within the affected 
parts on the back of the hand. 


'To Mr. Dean our best thanks are due, not only for the exactitude with which he carried 
out our wishes, but also for his kindness in receiving Dr. Head into his house for the operation. 
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The area insensitive to cotton wool extended slightly further towards 
the ulnar aspect of the back of the hand than that of the cutaneous 
analgesia. Between the two lay a narrow zone, where a painful 
cutaneous stimulus produced a more unpleasant sensation than over the 
normal skin. 

The most striking fact, however, was the maintenance of deep sensi- 
bility over the whole of the affected parts on the back of the hand. 
Pressure with the finger, with a pencil, or any blunt object was imme- 
diately appreciated. All those stimuli commonly used by the clinician 





Fig. 1. 


To show the extent of the loss of sensation produced by the operation. 

The anesthesia to cotton wool and to von Frey’s hairs is bounded by the black line. The 
analgesia to prick and other cutaneous painful stimuli lay within the red crosses. 

The darkness of the affected area is due to its deep red colour compared with the rest of the 
hand. 


to test the presence of ‘‘ touch”’ were appreciated and well localized. 
Mr. Dean, who was not familiar with our previous observations, said he 
should have thought that sensation of touch was intact, had he not 
known the nerves had been divided. 

On May 4, nine days after the operation, the hand was exposed to a 
long sexies of experiments. The most striking features of this examina- 
tion were :— 

(a) That very moderate pressure on the abnormal area of the skin 
was appreciated and could be well localized, whilst touches with cotton 
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wool, or deformations of the skin, produced by drawing the hair out- 
wards, caused absolutely no sensation. 

(b) In spite of the existence of this sensibility, two compass-points 
could not be distinguished, even when separated by 8 cm. 

(c) All sensation was lost to cutaneous painful stimuli, and to heat 
and cold. In fact, the condition might easily have been mistaken for 
one of analgesia and thermo-anesthesia with intact sensibility to touch. 

(d) Between the extent of the analgesic area and that insensitive to 
cotton wool, lay a border where the prick of a pin was abnormally 


painful. 








To show the extent of the loss of sensation twenty-one days after the operation (May 16, 1903). 
The black line encloses the loss to cutaneous tactile stimuli; the red line encloses the cutaneous 
analgesia. Wherever these lines are broken the border was an indefinite one. 


| Fic. 2. 


| (e) None of the cold-spots marked out before the operation reacted 





to the usual stimuli. 
ve By May 4 the skin on the back of the hand had assumed a peculiar 
condition, which was described on the 7th by Dr. J. H. Sequeira in the 
following words :— 

“The whole of the affected area is of a slightly deeper red than the 
rest of the skin of the hand. It is dry, and covered with minute hair- 
like scales. On palpation, the skin appears to be thickened and looks 
as if it were slightly cedematous; but it does not pit on pressure. A 
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striking feature is the absence of the normal elasticity, which is in 
remarkable contrast with the rest of the skin. The affected parts do not 
sweat, while the rest of the hand is permanently slightly moist.”’ 

From the time of the operation until the removal of the splint 
(May 23), the borders of the loss of sensation on the forearm underwent 
no material change. But H.’s skin has always been peculiarly susceptible 
to the action of chemical antiseptics, and the necessary cleansing at the 


time of the operation led to desquamation to within about 3 in. to 4 in. of 


the wrist. Fortunately, the hand had entirely escaped their action. 


On the extensor aspect of the forearm, the loss of all forms of 


cutaneous sensation was bounded for the greater part by a definite line. 


Towards the radial aspect, the loss of sensation merged more gradually 





Fie. 3. 
Lateral view on the same date (May 16, 1903). 


into parts of normal sensibility. The borders formed a sinuous line, 
seen on figs. 3 and 4. Over the greater part of the forearm, the loss 
of sensation to prick was less extensive than that to cotton wool; but 
nearer to the wrist, the reverse condition seemed to exist. 

The extent of the cutaneous analgesia on the hand was slightly 
less than that of the loss of sensation to cotton wool and von Frey’s 
hairs, and to these stimuli all the boundaries were sharply defined, 
except at the base of the index and middle fingers. 

The splint was removed on May 23, and it was then possible to 
wash the arm vigorously and to remove the loose scales of epithelium. 
We then discovered that the loss of sensation to prick was everywhere 
coterminous with, or slightly less extensive than, the loss to cotton wool, 
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Fic. 4. 
Flexor aspect of the forearm on the same date (May 16, 1903). 


except near the wrist. Here there was a triangular area, shown on 
fig. 5, where cotton wool and No. 5 of von Frey’s hairs were un- 
doubtedly appreciated, although the skin was insensitive to prick. 





Fie. 5. 


To show the loss of sensation on May 26, 1903 (thirty-one days after the operation). On the lateral 
aspect of the forearm near the wrist is shown the triangular area insensitive to prick and other 
cutaneous painful stimuli but sensitive to stimulation with cotton wool (vide p. 400). 
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On the back of the hand, sensibility remained exactly in the con- 
dition described immediately after the operation. Over the whole area 
of cutaneous anesthesia, pressure-touches were appreciated and well 
localized. Pain could be produced as easily by pressure with the 
algometer over the back of the affected as over similar parts of the 
normal hand. Electrical stimuli produced no sensation except when 
the muscles contracted; then the smallest visible movement was 
appreciated. To recognize pure movement, produced electrically, 
without a concomitant cutaneous sensation is a remarkable experience. 


Fie. 6. 
To show the loss of sensation on June 14, 1903 (fifty days after the operation). 


Though sensitive to the tactile and painful elements of pressure, and 
to the passive movement of muscles, the back of the hand was anesthetic 
to all thermal stimuli; the tissues could be frozen firmly with ethyl 
chloride without the production of even the slightest sensation. 

The first noticeable change in the extent of the loss of sensation was 
discovered on June 7, forty-three days after the operation. The borders 
of the area insensitive to cotton wool remained unaltered, but the 
cutaneous analgesia was distinctly less extensive, and no longer coincided 
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Fic. 7. 
Lateral view of the forearm and hand on June 14, 1903. 


with it on the flexor aspect of the forearm; the extent of the cutaneous 
analgesia had diminished for 3 in. (8 cm.), or more, peripheral to the 
scar. This was particularly noticeable, because the borders of the loss 
of sensation to cotton wool had remained unchanged. 
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Fic, 8. 
Flexor aspect of the forearm on June 14, 1903. 
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Moreover, the boundaries of the cutaneous analgesia were no longer 
definite, but were made up of islets, or points, of sensation. Passing 
from the area of complete loss to parts normally sensitive to a prick, 
the pin struck spots, where it produced a slowly developed, dull but 
painful sensation. If, however, this particular spot was not struck, it 
might be that sensibility was not encountered until another spot was 
reached, some millimetres nearer the unaffected parts of the limb. 

On June 14, fifty days after the operation, the gradual shrinking in 
extent of the cutaneous analgesia on the arm was found to have continued 
(figs. 6, 7 and 8), although the borders of the loss of sensation to cotton 
wool remained entirely unaltered. The loss of sensation to cold corre- 
sponded in extent with that of the loss to prick; but, wherever the part 
was feebly sensitive to the latter stimulus, sensibility to cold seemed to 
be absent. To all degrees of heat the borders of the loss of sensation 
had remained unchanged, and the extent of the anaesthesia, even to 
temperatures between 50° C. and 60° C., uniformly ex¢eeded that of the 
loss to prick. 

By June 20 (fifty-six days after the operation), recovery of sen- 
sation had progressed still further. Not only had the extent of the 
absolute cutaneous analgesia shrunk considerably on the forearm, but 
the terminal phalanx and a portion of the basal phalanx of the thumb 
had become sensitive to prick. The extent of the area between the 
borders of the loss of sensation to cotton wool and to prick in the first 
interosseous space had increased to nearly 2 cm. (fig. 9). At this 
date, the markings of the previous week were still visible on the arm, 
and the boundary of the analgesia lay in many places 0°5 cm. within 
those determined six days before. And yet, in spite of this rapid 
improvement in sensibility to prick, the borders of the anesthesia to 
cotton wool and von Frey’s tactile hairs remained absolutely unchanged. 

On the flexor surface of the forearm, there was nothing to show that 
cold could be appreciated within the border of cutaneous tactile anes- 
thesia. In the first interosseous space, cold was certainly appreciated 
well inside the limits of the loss of sensation to cotton wool; the border 
of the loss to cold lay about midway between that for cotton wool and 
that for prick. 

By July 20 (eighty-six days after the operation), there was no part 
of the forearm where a prick could not be occasionally appreciated, 
although in many places this form of sensation was extremely defec- 
tive. Moreover, considerable changes had occurred in the condition of 
the hand; the whole of the thumb and the skin over the radial half 
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Fic. 9. 
To show the loss of sensation on June 20 (fifty-six days after the operation). The cutaneous 
analgesia on the forearm could not now be defined accurately, but merged everywhere into parts 
sensitive to prick. It is therefore surrounded by a dotted broken border. 





Fic 10 


To show the condition on July 20, 1903 (eighty-six days after the operation). No part of the forearm 
was entirely insensitive to cutaneous painful stimuli. 
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of the first metacarpal had become sensitive to prick. The analgesic 
area on the back of the hand was diminishing from its radial aspect. 

In spite of these changes, the borders for the loss of sensation to 
cotton wool remained exactly as before. 





On the forearm, ice was not appreciated with certainty, until the 
original border of cutaneous analgesia was passed. Water above 50° C. 
produced pain within the parts now sensitive to a prick, but it was 
impossible to say whether the pain was accompanied by any thermal 
quality. 

The terminal phalanx of the thumb was certainly sensitive to cold 
below 17° C. and more doubtfully to heat above 45° C. Within the area 
of dissociated sensibility in the first interosseous space, and over the ball 
of the thumb, it was difficult to be sure that any sensation of tempera- 
ture was produced by ice-cold and hot water; but the border of the 
thermo-anesthesia probably lay slightly within that for sensibility to 
cotton wool. 

At this time, some of the hairs on the forearm within the affected 
area became sensitive to pulling. The sensation produced was slowly 
developed and excessively unpleasant. It died away, and recurred 
again, without further stimulation. These hairs lay entirely within the 
upper anesthetic patch. 

On August 10 (107 days after the operation), the sensibility to prick 
had further improved, although the extent of the anesthesia to cotton 
wool remained entirely unaltered. On August 15, for the first time since 
the recovery of sensation began, it could be said that parts which were at 
first insensitive to heat and cold now responded definitely and constantly 
to these stimuli. Over the upper patch on the forearm, ice uniformly 
produced a sensation of cold. Temperatures above 50° C. caused a 
stinging sensation, usually called “ burning,” but it is doubtful to what 
extent this contained more than the painful element of heat. 

The terminal phalanx of the thumb undoubtedly responded to tem- 
peratures above 45° C., and the sensation produced by temperatures 
above 50° C. contained a thermal element in addition to the stinging 


© 


pain. Even the proximal phalanx of the thumb had become sensitive 
to ice, although still anesthetic to heat. . 

On August 15 and 16, these observations on the upper patch of the 
forearm and the terminal phalanx were confirmed, and within these 
areas we were able to mark out definite cold-spots for the first time since 
the operation. Four of these lay in the upper patch, and four over the 
terminal phalanx of the thumb. 
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To show the condition on September 24, 1903 (152 days after the operation). 
area on the back of the hand sensibility to cutaneous painful stimuli was greatly diminished and in places 
was absent. 

The area occupied by the trophic sore is marked with a circle. 
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By September 9 (137 days after the operation), the whole forearm 
had become sensitive to cold, and cold-spots were discovered not 
only in the upper patch on the forearm and in the terminal phalanx 
of the thumb, but also over the more distal portions of the affected 
area. The forearm still remained insensitive to heat, except in as far 
as temperatures above 50° C. produced a peculiar form of painful sen- 
sation, usually called “‘ burning.” 

In spite of the complete absence of any change in the behaviour 
of the affected parts to cotton wool, sensibility to prick continued to 
return steadily, and by September 24 (152 days after the operation) 





Fig. 11. 


a small area only on the back of the hand remained insensitive to this 
stimulus (fig. 11). 

Since July 10, when the back of the hand had been too energetically 
frozen with ethyl chloride, an indolent sore had existed in the centre 
of the affected area. It tended to heal if protected, but would break 
down again under the influence of the slight accidents of ordinary life. 
On September 23, attention was attracted to its condition by the 
presence of tingling, which had never been noticed before. This led 
to the discovery that painful sensation, of a dull and ill-defined character, 


Over the small irregular 
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was present in the neighbourhood of the sore. From this time it healed 
with great rapidity, although no special care was taken to protect it. 
Once healed, it never broke down again after the return of sensibility to 
painful cutaneous stimuli. 

About this time, part of the first interosseous space, which had 
become sensitive to prick, began to respond to ice; this return of 
sensation was found to be associated with a few definite cold-spots. 
But the affected area still remained insensitive to heat. 

On October 3 (161 days after the operation), we noticed, for the first 
time, that cotton wool produced some sensation over the upper patch 
on the forearm. This change advanced with considerable rapidity, and 
on October 6 sensibility to cotton wool was present in a very defective 
form over both upper and lower forearm patches. The upper of these 
areas seemed to become sensitive by gradual encroachment from the 
edges, whilst the lower appeared to recover at the centre as quickly as at 
the periphery. Later we found that this response Was due entirely to 
the return to the hairs of a peculiar form of sensibility (vide p. 385). 
About this time (October 8), the upper patch on the forearm became 


undoubtedly sensitive to temperatures of and above 45° C. An excellent 
heat-spot was found in the centre of the patch, to which this return 
was certainly due. 

3y October 15 (173 days after the operation), no part of the hand 
was entirely insensitive to prick, although sensation was defective over 
the parts dotted on fig. 12. 

The greater part of the back of the hand now reacted to the more 
extreme degrees of cold, and the cold-spots had multiplied greatly. By 
November 1 (190 days after the operation), cold could be appreciated 
everywhere over the back of the hand, and twenty-four cold-spots were 
discovered within the affected area. At the same time, one heat-spot 
was found near the base of the first phalanx of the thumb. This was 
the only part of the affected area on the hand sensitive to heat. 

From this time, the cold-spots and heat-spots rapidly increased in 
number over the back of the hand, the increase proceeding step by step 
with the recovery of sensibility to cold and to heat. 

With the gradual return of sensibility to pain, cold, and heat, we 
noticed that the sensation tended to be widely diffused, and was not 
infrequently localized in some part remote from the point of stimulation 
(September, 1903). If, for instance, ice was applied to the proximal 
portion of the forearm, a sensation of coldness was produced in the 
thumb. The site of this referred sensation remained the same, whatever 
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the nature of the stimulus, provided it was one to which the affected 
area had become sensitive. 

By December 3 (222 days after the operation), the peculiar tingling 
sensation produced by cotton wool could be evoked by stimulating the 
thumb and the adjoining interosseous space. This sensibility rapidly 
increased in extent, until there was scarcely any part of the affected 
area from which it could not be produced (December 6). The sensation 
was one which could be expressed only as a general state of diffuse pain- 
less tingling. Moreover, it was found that parts which gave this reaction 
to cotton wool were insensitive to No. 5 of von Frey’s hairs and to the 





Fic. 12. 


To show the condition of the back of the hand on October 15, 1903 (173 days after the operation), 


The healed sore can be seen as a scar in the neighbourhood of the red dots. 


painless interrupted current, just as in the early days after the operation. 
Exactly the same borders could be marked out both on the forearm and 
hand by dragging a pin lightly from normal to abnormal parts; for as 
soon as the old border of cutaneous anesthesia to touch was passed, the 
sensation became a widely diffused tingling pain. 

Thus it would seem that the sensibility to cotton wool, which began 
to return to the forearm 161 days, and to the hand 224 days, after the 
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operation, was not the equivalent of the normal sensation of light touch 


over hairless parts, but was a peculiar form of hair-sensibility. For the 
areas endowed with it remained anesthetic to the painless interrupted 
current and to No. 5 of von Frey’s hairs; moreover, the sensation 
produced was widely diffused and was referred to remote parts, exactly 
like the sensation of prick and ice-cold over the same regions. This 
hypothesis was found at a later date to be correct. For on shaving the 
areas endowed with this form of sensibility, they became entirely insen- 
sitive to cotton wool. 





Fig. 13. 


November 12, 1904 (567 days after the operation). 

To show the manner in which sensibility returned to cutaneous tactile stimuli. 
to the parts sensitive after shaving to cotton wool and to von Frey’s tactile hairs (No. 5). 
also sensitive to temperatures of about 36° C. 


We could not be certain that the forearm was sensitive to cotton 
wool when carefully shaved, until April 24, 1904, exactly a year after 
the operation. 

On June 5, 1904 (407 days after the operation), the affected area on 
the forearm responded to temperatures of 37° C. This sensibility to 
warmth rapidly increased, and on June 26 was obtained, even with 
34° C. Moreover, the sensation produced was one of warmth localized 


in the part touched. Except that it was not quite so acute, it exactly 





The dotted area corresponds 
These parts were 
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resembled that produced on the normal skin under similar circumstances. 


It had none of the diffuse radiation and tendency to reference into re- 


mote parts, so characteristic of the sensation evoked by stimulating 


heat-spots. 





Fic. 14. 


To show the extent of the affected area, which is still (1908) supplied with deep 
and protopathie sensibility only. Its radial border merges gradually into parts that 
have recovered more completely. 
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It was not until November 12, 1904 (567 days after the operation), 
that a portion of the back of the hand (fig. 13) began to be undoubtedly 
sensitive to warmth (85°5 C.) and to cotton wool after shaving. The 
diffusion and radiation so characteristic of the previous stage of recovery 
were at once greatly diminished; so profound was this change that & 
we recognized it before we could be certain of the increased sen- 
sibility to thermal and tactile stimuli. 

Up till the end of November, 1904, the improvement continued 
rapidly. But with the advent of winter cold the condition of the 
hand went back; the referred sensations reappeared, to become as 
definite as they had been six months before, and the hand became 
less sensitive to warmth and to cotton wool after shaving. 

In March, 1905, it again began to improve. Part of the affected 
area on the back of the hand became sensitive to No. 5 of von Frey’s 
hairs, and reference greatly diminished. By May 21, a large area “ 
on the back of the hand had become sensitive to cotton wool and 
to minor degrees of heat; stimulation with No. 5 was widely ap- 
preciated. A referred sensation could no longer be produced from 
any part in this condition. 

Although this improvement continued throughout the summer of 
1905, a small portion of the affected area, lying mainly in the 
neighbourhood of the knuckles of the index and middle finger, has 
remained insensitive to No. 5, or to cotton wool after shaving (fig. 14). 
liven at the present time, this part still is in a purely protopathic 
condition, sensitive to prick, to ice and to water above 37° C. All a 
these stimuli cause sensations, referred to the dorsal aspect of the thumb | 
and diffused widely around the point to which they are applied. Ji 
seems as if one of the branches of the external cutaneous had not 


reunited, leaving this part of the affected area to be supplied by its 
fellow and by the radial. 
The history of the case may be summed up in the form of the 
following diary :-— 
On April 23, 1903, the radial (ramus superficialis nervi radialis) 
and both branches of the external cutaneus (N. cutaneus antibrachii eo 
lateralis) were divided in the neighbourhood of the elbow. Both 
nerves were reunited with silk sutures and the wound healed by first 
intention. 
This operation did not interfere with sensibility to the tactile and 
painful aspects of pressure. But the whole of the affected area 
became insensitive to prick, to heat, and to cold; two points of the 
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compasses, applied simultaneously, could not be appreciated, but local- 
ization was preserved. 

Forty-three days after the operation (June 7), the extent of the 
cutaneous analgesia had begun to diminish. 

Fifty-six days after the operation (June 20), the analgesia on the 
forearm had greatly diminished, and the thumb had become sensitive 
to prick. 

Eighty-six days after the operation (July 20), the whole forearm 
responded to prick, and the back of the hand was becoming rapidly 
sensitive to this form of stimulation. Cold was not appreciated 
except over the terminal phalanx of the thumb, and 50° C. gave rise 
to no sensation of heat. 

One hundred and twelve days after the operation (August 15), the 
proximal part of the affected area over the forearm had become sensi- 
tive to cold. 

One hundred and thirty-seven days after the operation (September 9), 
the whole forearm had become sensitive to cold. 

One hundred and fifty-two days after the operation (September 24), 
the whole of the affected area, excepting a small spot on the back of the 
hand, had become sensitive to prick ; the trophic sore healed. 

One hundred and sixty-one days after the operation (October 3), 
cotton wool began to produce a diffuse tingling sensation over the fore- 
arm when the hairs were stimulated, but the whole of the affected area 
still remained insensitive to von Frey’s tactile hairs. About the same 
time, the proximal patch on the forearm began to be sensitive to heat, 
and a definite heat-spot was discovered in this position. 

One hundred and seventy-three days after the operation (October 15), 
the whole of the back of the hand had become sensitive to prick and, in 
a less degree, to cold. 

One hundred and ninety days after the operation (November 1), the 
first heat-spot was discovered on the back of the hand. 

Two hundred and twenty-five days after the operation (December 6), 
the hairs on the back of the hand responded with a diffused tingling to 
cotton wool, but the whole affected area of the forearm and hand still 
remained insensitive to von Frey’s tactile hairs. This sensibility to 
cotton wool disappeared at once, if the arm was carefully shaved. 

Three hundred and sixty-five days after the operation (April 24, 1904), 
the proximal patch on the forearm began to be sensitive to cotton wool 
after shaving. 

3etween four hundred and seven and four hundred and twenty-eight 
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days after the operation (June 5 to June 26, 1904), the affected area 
on the forearm became sensitive to temperatures between 37° C. and 
34°C. The tendency to diffusion and reference greatly diminished. 
Five hundred and sixty-seven days after the operation (November 12, 
1904), the greater part of the affected area on the back of the hand had 
become sensitive to cutaneous tactile stimuli, and temperatures below 


37° C. evoked sensations of warmth. 


CHAPTER II.—METHODS OF EXAMINATION. 


It was recognized by experiments before the operation that the 
ordinary distractions of a busy life were fatal to the detachment 
required by the sensory tests we wished to apply. We therefore 
determined that the work should be carried out in St. John’s College, 
Campbridge.' The inner of a set of rooms on the top floor of the second 
court, belonging to Dr. Rivers, was devoted to’ these observations. 
Here, absolutely quiet and undisturbed, free from the petty worries of 
a busy life, H. gave himself over entirely to examination. 

As a rule, he travelled to Cambridge on Saturday, after spending 
several hours in the out-patient department of the London Hospital. 
But, on Saturday evening, he was found to be in a condition of so great 
fatigue that no observations could be made until Sunday morning. If, 
therefore, it was necessary to carry out a long-continued series of tests, 
H. came to Cambridge on Friday night, returning to London on 
Monday morning. Occasionally longer periods could be devoted to 
these observations. 

Between April 25, 1903, the date of the operation, and the last 
sitting with Dr. Rivers on December 13, 1907, 167 days were devoted 
to this investigation. 

The greater part of the work was done in the morning. Then H. went 
for a walk or a ride, and in the summer occasionally spent the afternoon 
on the river. The time between 5 p.m. and 7 p.m. was commonly spent 
in control experiments on normal parts, or in amplifying the results 
obtained earlier in the day. During the evening, these were talked over 
whilst H. marked out the hand, and determined the position of the cold- 
and heat-spots in preparation for further tests next day. 

The plan of investigation was debated beforehand, and was frequently 

' Dr. Head wishes to take this opportunity of expressing his gratitude to the President and 


Fellows of St. John’s College, Cambridge, for the generous hospitality extended to him during 
the five years he was their frequent guest. 
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committed to paper the night before the testing began. But R. always 
varied this order to such an extent, that H. remained ignorant of the 
results until the close of the sitting. This was especially the case with 
the compass-records ; for instance, during many months, H. purposely 
refrained from inquiring into the nature of R.’s series of observations 
on the phenomenon of ‘ double ones.”’ 

Throughout the examination, R. recorded exactly the procedure and 
H.’s answer at the time. At the close of a series, whilst still ignorant 
of the actual tests applied by R., H. dictated a note commenting on his 
experiences. Even then he was not told the nature of R.’s manipula- 
tions, unless some new fact had appeared which demanded immediate 
consideration. 

Under no circumstances was H. allowed to know at the time whether 
his answers were right or wrong. For if he was told he had answered 
wrongly, he was roused to an intense determination to do better, pro- 
ducing thus a mental condition which was found to be unfavourable 
for the appreciation of sensory stimuli. Knowing his answers had not 
been correct, he would catch at every accessory circumstance in his at- 
tempt to interpret his sensations. 

H. always sat with his eyes closed throughout the examination, as 
he found that this produced in him the condition most favourable for 
sensory testing. He always answered more correctly to all tests which 
required no close introspection when he did not attempt to think of 
what was going on. He would sit with closed eyes, his head resting on 
the right hand and his attention wandering widely over internal images. 
He soon learnt to adopt at will this state of passivity, provided he was 
undisturbed. But a knock at the door, or the entry of the servant, 
would rouse him into a state in which he again began to interpret his 
sensations. 

H.’s mental processes are based upon visual images to a remarkable 
degree. Every thought is in some way bound up with internal vision, 
and even numbers, the days of the week and abstract ideas, such as 
virtue and cowardice, are associated with images of varying tones of 
white and black, He cannot recall musical sounds, except by seeing the 
notes or attaching the sounds to words which are clearly visualized. He 
has ro power of reproducing directly scents or cutaneous sensations. He 
knows that the scent of violets is pleasing, and recognizes it with ease 
whenever it is present; but he is unable to recall a scent or a tactile 
impression in the same way that he can project the memory-picture of 


an object once seen. 
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In all these points, he corresponds to the common group of strong 
visualizers who learn to depend so exclusively on visual images that all 





other less dominant faculties of sensory reproduction fall into disuse. 
Throughout this paper we shall frequently allude to the part played in 


































H.’s answers by these vivid mental images. 

He was able to reproduce the image of a thing seen with such 
accuracy that it could be searched for details, at first unnoticed. But 
this was not the case with any other sensory impression. As soon as 
the stimulus was removed, he retained so much only as had been noticed 
at the time; for he was unable to reproduce any sensory images, except 
those of vision. This peculiarity common to most of those who visualize 
strongly leads to the following difficulty in testing sensation. Suppose 
that H. was returning correct answers to stimuli of different kinds 


applied to the affected area; the one was said to cause a sensation of 


touch, another appeared hot, and a third seemed to be cold. If, after i 
withdrawing the cold object, R. inquired unexpectedly concerning the 
nature of the referred sensation, H. was frequently puzzled. Had the 
question referred to the qualities of a thing seen, H. would have recalled 
the visual image, examined it carefully and answered accordingly. But 
as he could not recall any tactile or thermal image of the cold object, he 
was unable to answer a question relating to some sensory quality to 
which his attention had not been directed at the time. A prick or other 
painful stimulus, however intense, evoked a sensation that could not be 
reproduced. 

In the same way when tested with the compasses, H. might answer 
“two” rightly or wrongly ; but if, after the points were withdrawn, he 
was asked unexpectedly whether they seemed close together or far apart, 
he was unable to give an opinion. This occurred when the test was 
applied over both normal and abnormal parts, provided the compasses 
were suitably adapted. 

Again, some unexpected feature in the sensation might arouse H.’s 
attention, but inability to reproduce the sensory image greatly hindered 
its introspective study. It was often necessary to repeat the stimulus 

) 


several times before H. could appreciate each separate aspect of the 
sensation. 

Now, sense-organs, and particularly those of the skin, do not react in 
an exactly similar way to every repetition of the stimulus. As this is 
particularly the case with those of the protopathic system, H.’s inability 
to recapture the features of a somatic sensation in the form of a repro- 
duced image considerably hindered his introspective analysis. For this 
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reason, every record dictated by H. was the direct result of introspection 
exercised during the period occupied by the stimulus. We have laid 
stress on this peculiarity, because the majority of persons in this country 
seem to belong to the group of those who depend on visual images, and 
approximate, at any rate as far as somatic sensations are concerned, to 
the condition of H. 

Since H. was at the same time collaborator and patient, we took 
unusual precautions to avoid the possibility of suggestion. No questions 
were asked until the termination of a series of tests; for we found it 
was scarcely possible, in the long run, to ask even simple questions 
without giving a suggestion either for or against the right answer. 
Sounds and movements, that would have conveyed no information to an 
ordinary person, would disturb H.’s judgment in a case requiring fine 
discrimination. The clinking of ice against the glass, the removal of the 
kettle from the hob, tended to prejudice his answers and destroyed that 
negative attitude of attention essential for such experiments. R. was 
therefore particularly careful to make all his preparations beforehand ; 
the iced tubes were filled and jugs of hot and cold water ranged within 
easy reach of his hand, so that water of the temperature required might 
be mixed silently. 

Towards the end of a series of observations with finer tests over an 
area of defective sensibilitv, H. would frequently become uncertain in his 
answers, because he had forgotten his sensations with the coarser forms 
of the same stimuli. He might, for instance, speak of contact with the 
neutral tube as warmth. But occasional unexpected stimulation with a 
tube at 38° C. would at once correct this tendency, and throughout the 
further observations the neutral tube would be recognized with certainty. 
After a long series of ‘‘ double ones,”’ the application of the compasses 
widely separated so as to produce a definite sensation of two points 
frequently produced a similar steadying effect. 

At first, we marked out both the affected area of the forearm and 
back of the hand into squares of approximately 1 cm. But we found 
the larger area on the forearm unmanageable, especially during the 
period when sensation changed rapidly. We therefore confined our 
attention, for the more minute investigations, mainly to a portion of the 
radial half of the back of the hand 5 cm. in every direction. This was 
marked out as follows: the hand was laid flat on the table and a line 
drawn along the axis of the third metacarpal bone. This corresponded 
almost exactly to the boundary between the normal and affected parts 
of the back of the hand. As base line, we used a fold of skin over the 
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wrist which was prolonged backwards to meet the longitudinal line at a 
right angle. From this point, the line along the metacarpal was 
divided into seven portions, each 1 cm. in length. From the seventh 
division a line was drawn in the direction of the thumb at right 
angles to the longitudinal border. This was divided into five portions 
of 1 em. in length. By drawing longitudinal lines from each of these 
points parallel to the axis of the third metacarpal, and by crossing these 
by five transverse lines parallel to the distal base line, a series of 1 cm. 
squares, twenty-five in number, could be constructed. On most occa- 
sions, we used these squares only as shown on fig. 17, but at times the 
whole of the back of the hand was marked out into centimetre squares 
(fig. 21). This was a, somewhat tiresome procedure and materially 
disturbed the sensibility of the affected area. Such marking should 
never be undertaken shortly before sensory tests are employed. More- 
over, it is extremely difficult, even with the greatest care, to ensure the 
exact correspondence of the squares on different occasions. The skin on 
the back of the hand is extraordinarily flexible, and any change in the 
position of the fingers modifies the size and appearance of the squares to 
a remarkable degree. After the base lines had been settled, we therefore 
attempted to mark out the squares with the hand exactly in the position 
adopted in the photographs. Occasionally, these squares were not 
allowed to become erased for long periods (e.g., from January 28 to 
March 12, 1906), so that, whatever its faults, we might be certain we 
were photographing the same field." 

On returning to London after each series of sittings, life-sized photo- 
graphs were taken of the markings on the back of the hand and another 
set on a smaller scale, including the forearm. Our best thanks are due 
to Mr. Wilson, Photographer to the London Hospital, for the care and 
skill with which these records were taken. 

Many of the methods used by us in this research have already been 
described in papers written in conjunction with Mr. Sherren [17] and 
with Dr. Thompson [18]. We shall therefore confine ourselves to those 
points, which specially concern the present paper. 

Superficial tactile sensibility is usually tested by means of cotton 
wool stroked gently across the part. Unfortunately, however, such a 
method suffers from two disadvantages: it frequently fails to act as an 
effective stimulus over hairless parts, such as the palm of the hand, and 

' We would suggest that if this experiment is repeated it would be wise to tattoo certain 


fixed points on the skin before the operation. This would ensure that each square always 
occupied exactly the same area. 
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any mechanical disturbance of the hairs excites both protopathic and 
epicritic sensibility. Gentle stroking with cotton wool is not a specific 
stimulus to hair-clad parts, as far as the peripheral nervous system is 
concerned. Since the whole of the area affected by our experiment was 
covered with long hairs, we have always used this test, both before and 
after shaving. It is no easy task to shave the forearm and back of the 
hand so cleanly that no stumps project above the surface of the skin. 
But throughout the protopathic stage, H. soon learnt to recognize by the 
widespread tingling character of the reaction, that one or more hairs had 
not been completely shaved. This was invariably confirmed by the use 
of a magnifying glass of low power, and these hairs were then removed 
by the direct reapplication of a sharp razor. 

We never tested any part immediately after shaving, on account of 
the material diminution in sensibility it produced. Usually the part was 
cold-lathered, shaved and then carefully cleansed in hot water. After an 
interval of an hour or more, the tests with cotton wool were reapplied. 
The hand could never be shaved over-night, as by morning the hairs 
were found to have grown sufficiently to vitiate the experiment. 

These precautions were wasteful of time, and the presence of the hairs 
was often necessary for the series of observations upon which we were 
engaged; we therefore learnt to depend upon von Frey’s method of 
testing cutaneous tactile sensibility. Before the operation, Professor 
von Frey presented us with eight graduated hairs set in handles, which 
we have used constantly in this research. We cannot sufficiently express 
our gratitude for his liberality and for the kindly interest he has shown 
throughout this work. 

Each of these graduated hairs for testing tactile sensibility will be 
spoken of by the number in the first column of the following table. 
As we have used the same hairs on every occasion, the actual pressure 
exerted by each is alone necessary for comparing our results. For 
completeness, however, we also give the measured radii of the elliptical 
section of each hair. Now it is obvious that from these measurements 
we can arrive at the pressure per unit area, if the force exerted in 
bending the hair is divided by its total area in mm.*. The result is 
expressed in grm./mm.*. But von Frey states ({11] pp. 223 to 229) 
that this is not a correct method of comparing hairs: which are used as 
graduated tactile stimuli. For this purpose he divides the pressure in 
milligrammes by the radius of a circle of the same area as the elliptical 
section of the hair. The result expressed in grm./mm. will be found in 
the last column of the following table :— 
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Tactile Hairs. 
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1 0°04 80 x 54 0-005 40 8 grm./mm.* 1 grm.’mm 
f 2 0-1 475 x 57°5 0°0085 52 12 grm./mm.* 2 grm. mm. | 
) 3 0-21 55 x 90 0°015 70 14 grm./mm.? 33 grm./mm 

4 0°23 40 ~x 80 0-011 58 21 grm./mm.* $ grm. mm. 

5 0°36 60 x 90 0-017 73°5 21 grm./mm.? 5 grm./mm 

8 0°88 100 x 120 0:0377 110 23 grm./mm.* 8 grm./mm. 
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Towards the end of our research, we received a second set of hairs 
from Professor von Frey which were useful in measuring the punctate 
pressure capable of producing cutaneous pain. These so-called ** pain- 
hairs’ exercise considerably greater pressure than those used for testing 
cutaneous tactile sensibility, and are graduated by calculating the pressure 
per unit area. Thus, we shall speak of the tactile hairs as No. 5, No. 8, 
&e., whilst the so-called ‘‘ pain-hairs” will be known by the pressur 
they exert per unit area. 


So-called ‘‘ Pain-Hairs.”’ 





Number by Radius of a 
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— the Pressure in Measured radii | Total ares circle of the |=" ssure per unit lens 
cl granimes in in mm. same area in area 
34 1°4 100 130 0-041 114 35 grm./mm." 12 grm./mm 
40 1°8 115 125 0°045 120 40¢grm./mm.* 15 grm./mm 
7a 3 115 115 0-042 115 7Ogrm./mm.- 26 grm./nim 
90) 3°6 100 130 0-041 114 90 grm./mm.?| 32 grm. mm 
106 3°5 80 x 140 0°035 110 100grm./mm.*) 32 grm./mm 
110 4°8 105 130 0-044 120 110 grm./mm.? 10 grm./mm 
120 4°3 95 x 125 0:037 110 120grm./mm.2. 39 grm./mm 
150 11 125 185 0-073 150 150grm./mm.*| 73 grm./mm 
222 10 115 125 0045 120 222 ¢rm./mm.? 83 grm./mm 
266 12 115 125 0°045 120 266 grm./mm.,*, 100 grm. mm 





Throughout the greater part of this research, we have attempted to > 
measure roughly the force applied in pricking the skin by means of an 


instrument we have called the 
sharp needle attached by a flexible joint to a rigid rod. This is weighted 


‘algesimeter.”’ It consists essentially of a 


and slides freely through two supports placed 10 cm. apart projecting 
horizontally from a vertical brass bar. When the needle is brought into 
contact with the skin, the full pressure of the weight on the rod would b 
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exerted on its point, were it not for a fine counteracting spring. This 
spring attached to the rod and to the upper brass support exactly balances 
the weight, and the needle exerts no pressure. But, if the instrument is 
pressed on the skin, this spring is no longer completely extended and the 
weight exerts a pressure in proportion to the amount, to which it is no 
longer counterbalanced by the coiled spring. This is read off on a scale 
attached to the bar, that unites the two guiding arms of the instrument. 

Six divisions of this scale correspond to the pressure of 1 grm. ; 
but readings below 15 are of little value as the weight hardly comes 
into action owing to the friction of the rod. Thus the corrected 


readings are as follows :— 


25 seale divisions ... wt 5 grm. 
| ‘. a 7 6 
 . i : cn 7 
43 _ ? cee — Ss 
i9«C«,, - eee Ly 9 


No such apparatus can give anything but approximate readings. 
For the moment at which pain is produced by the needle depends on 
the rapidity with which it is applied. If it is placed on the normal skin 
with the slightest jar, pain is produced at once, before the spring has 
begun to be affected. Moreover, the sensation of a point merges 
gradually into the pain of a prick over normal parts. Throughout the 
stage of recovering sensibility to prick, no pain was produced until 
considerable pressure was applied, when the characteristic pain made its 
appearance. Thus, the readings of the algesimeter formed a useful record 
of the progress of returning protopathic sensibility within the affected 
area; but we do not recommend it for general use on the normal skin. 

All our earlier observations on the pressure necessary to produce 
deep pain were made by means of Cattell’s pressure algometer. More 
recently we have used the modified form described in the paper by Head 
and Thompson (| 18] p. 546). 

The conditions of our experiment enabled us to investigate thermal 
sensibility with unusual completeness. Not only was the part explored 
with tubes containing hot and cold water, but we carefully studied the 
distribution of the heat- and cold-spots, especially on the back of the 
hand. 

In our preliminary investigations before the operation, we found that 
different parts of the back of the normal hand were not equally sensitive 
to thermal stimuli. The skin over the knuckles responded badly, and 
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over the long tendons sensibility seems to be less than over the parts 
between. After the operation, we avoided these situations as much as 
possible, especially when employing the finer thermal tests. 

Many difficulties surround the testing of sensibility to heat and cold, 
particularly when dealing with intermediate degrees. A glass tube 
cannot be employed for finer observations, owing to the great differ- 
ence between the temperature of its external and internal surfaces. 
We have, therefore, throughout used flat-bottomed silver tubes with a 
diameter of 1°25 cm. These tubes were filled with broken ice, or with 
water at the temperature desired, and contained a thermometer. They 
were never warmed or cooled from without. When used for testing 
sensibility to heat, several tubes ranged in a wooden stand were filled 
with water at temperatures considerably higher than those we wished 
to use for testing; from these, a tube was selected as soon as it had 
sunk to the temperature required. These silver tubes lose their heat 
so rapidly that it is possible to use the same one for a short series of 
tests only. 

With such precautions, few difficulties attend the testing of sensi- 
bility to the more extreme degrees of heat and cold. But occasionally, 
when the part is sensitive to painful stimuli but insensitive to heat, a tube 
at 50° C. and above may be said to be hot, solely on account of the 
peculiar pain produced. H. soon learnt to differentiate this pain, due 
to a hot object, from a true sensation of heat; he frequently said, 
“Any ordinary patient would have called such stimuli hot, because 
the pain produced is of a kind associated in daily life with the action 
of hot bodies only. Further, a patient is told to say if he feels heat, 
cold, or a touch. Given, then, that he knows his thermal sensibility is 
being tested, he would certainly call the sensation I experience ‘ hot.’ ”’ 

Occasionally, contact with a neutral tube would cause an indetermin- 
ate and somewhat tingling sensation over the affected area; this was 
frequently said to be warm, and was one of the greatest difficulties 
against which we had to contend (vide p. 402). 

Fewer difficulties surround the testing of sensibility to cold; but it 
must be remembered that a silver tube always seems colder than one of 
glass containing water at the same temperature, on account of the 
greater rapidity with which it abstracts heat. Cold stimuli, more 


particularly those used for testing cold-spots, are liable to cause a 


vaso-constriction, shown by a blanching of the skin. This condition 
is peculiarly unfavourable for all sensory tests. 
The cold-spots were sought for with fine copper rods of about 1 mm. 
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in diameter. These were placed in a glass containing broken ice; on 
removal, each rod was carefully wiped and, after its flat base had been 
applied to the skin, was returned again to the ice. We found it best 
for H. to mark out the cold-spots over night, independently of any 
previous diagram or photograph. Next morning, they were tested by R., 
who confirmed or rejected these observations. After the spots had been 
charted, the result was compared with previous photographs, and if any 
spots of the first order did not appear, a further examination was made. 
At the end of the series of sittings, a photograph was taken of the final 
results (figs. 17 and 18). Occasionally, the back of the hand was protected 
by a glove, and the marks preserved for several weeks or even months. 

For the discovery of heat-spots, we used a simple method which, as 
far as we can discover, has not been described before. We chose a 
‘soldering iron” consisting of a large copper block fixed to an iron rod 
let into a wooden handle. This block, about 3 in. (7°5 cm.) in length and 
1 in. (2°5 em.) across every face, we cut down to a pyramidal point. 
The apex of the pyramid was flat and 1 mm. square. Into the copper 
block we bored a circular shaft, passing obliquely downwards in the 
direction of the poinf. This was of sufficient size to contain the bulb of 
a thermometer, just under 1 cm. in diameter. 

Two of these irons were placed in a jug containing hot water. 
When sufficiently heated, one of them was removed and dried; the 
thermometer was placed in the cavity and the instrument laid on a 
cloth, until the required temperature was recorded. It was then held 
firmly in the hand like a large pen, and lightly applied, vertically, to the 
surface of the skin. So large a block of copper retains its heat for a 
considerable time, and the thermometer gives a sufficient indication of 
its temperature. This should lie between 50° C. and 40° C., preferably 
at about 45°C. Higher temperatures cause distinct pain, which compli- 
cates the observations; a temperature below 40° C. fails to stimulate 
most of the heat-spots. 

A low external temperature greatly increased the difficulty in dis- 
covering both heat- and cold-spots; and in the winter, when the affected 


hand seemed numb and cold, previous immersion in warm water greatly 


facilitated their determination. 

To test the power of discriminating two points we used a pair of 
carpenter's compasses, the points of which had been ground down until 
they gave no sensation of sharpness.! For recording our observations, 

' Most of the instruments, called «sthesiometers, used for this purpose are provided with 


points so sharp that they are wholly useless. The sharp ivory points of Spearman’s instru- 
ment should be replaced by blunt ones. 
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we used the method suggested by McDougall [22]. The compass- 
points were set at a certajn distance from one another ; they were then 
applied to the part to be tested in such a way that sometimes two points, 
sometimes one point only, touched the skin. The stimuli followed one 








another in an entirely irregular order, but so that, ultimately, H. had 






been touched ten times with one point, ten times with two points. 





Each correct answer was marked with a stroke, whereas a mistake was 





j recorded by a cross. Thus if he answered “ one,’ when touched with 





two points, a cross was placed below the line; if one point had been 





called “‘ two,” the cross was marked above. By this method it was at 






once obvious in how many instances he had answered correctly among 






the ten single and ten double stimuli. The answers whether right or 






wrong were ranged in strict sequence above and below the horizontal 





line. 
Perfect appreciation of the compass-points at a distance of 4 cm. 






would be represented thus— 
















' 1 | Ill. Il. Itt. 
2cm. 3 lit. iil. ill. 





If, however, H. was unable to differentiate the two points, answering 





“one” to every stimulation, the record would stand— 






om IIIT. II. Mil. 
em. 5 yx. XXX. XX. 








AXAX, 





Less complete failure would be represented by some such formula as 













IIXX. XI. IXXI. 


1 
fem. > XTX. TIXX. XXII. 
















In the following chapters these records are translated into the num- 
ber of answers which were right (R.) or wrong (W.) for the sake of 






simplicity. 
Observations made before the operation showed that the threshold 







for the flexor aspect of the left forearm lay at about 3°5 cm., when th: 






compass-points were applied in the longitudinal axis of the limb.’ Over 
the radial half of the back of the hand, under similar conditions, it la\ 
between 1°5 cm. and 2 cm. 

Of all sensory tests, the results obtained with the compasses are most 







influenced by accessory conditions. A stranger entering the room, or 
anything that disturbed the quiet state of internal absorption, would at 







1 Throughout this research all compass-tests have been applied in the longitudinal axis of 
the limb. 
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once diminish the accuracy of H.’s answers. On one occasion, R.’s 
servant entered our workroom in the middle of an almost perfect series 





of answers: they at once became less accurate 


re 2R. 3W. 
» Cm. 2) 5W. 
After his withdrawal H. again began to answer as before— 


6 cm, 1 2R1W- 
J/9R.IW. 

Any profound cooling of the skin, or even the occurrence of a pilo- 
motor reflex, greatly diminishes the accuracy of the answers to compass 
stimulation. When the coat is removed, and the sleeve is rolled up, 
‘goose-skin ”’ is frequently produced ; testing should not be begun until 
this has entirely passed away. 

We always began a series of tests with the compass-points widely 
separated from one another (9 cm.). Not uncommonly the records 
considerably improved as the distance was gradually diminished, and 
were frequently better at 7 cm. than at 9 cm. 

This well-known phenomenon seemed, in H.'s case, to be associated 
with the increasing detachment of his attention from the procedure 
of testing. The following series of records obtained from the abnormal 


area on the left forearm are a good instance of such improvement. 
(: 1| SR. 5W. - 1/5R. 5 W. { 1/9R.1W. 
} om. Sais 9 CM. 9 EGR. dW. 7 o> FE 1. 


The improvement at 4 cm. was associated with complete wandering 
of attention from the manipulations. When at the close R. asked 
whether there was anything to say about these observations, H. could 
have quite believed that nothing had been done. He was thinking 
about a book he had been reading and was completely absorbed, until 
recalled by R.’s question. 

Occasionally, especially after exercise in the open air, this condition 
of detachment would pass into sleep. We noticed that the answers 
seemed to improve up to the point at which H. ceased to reply and 
therefore made several observations on the effect of somnolence on the 
compass-records. On October 26, 1907, H. fell asleep at the close of the 
following record— 

tom, TRS, 
"“2\/7R.3 W. 
an unusually good formula for the affected forearm. He was wakened 


and after a short interval it was found that the same distance of 4 cm. 








354 ORIGINAL ARTICLES AND CLINICAL CASES 


was completely below the threshold; every double stimulation was said 
to be “one.” He was allowed again to settle-himself in the armchair 
and R. continued to test him with the points of the compasses at the 
same distance. With the return of the somnolent state the records 
improved ; the total sixty stimulations gave the formula— 
4 om. 1 31 R. 9 W. 
2/26 R.4 W. 
but of these the first and second twenty obtained when H. was more 


nearly asleep were better than the last series. 


First series Second series 
4 1'6R.4W. 1 7R. 3 W. 
CM. o-9OR-1wW. 7, 10 R. 


This sleepy condition which is so favourable for results with com- 
passes is one that requires absolute freedom from all external appeal to 
responsible action. It is a condition which H. has never succeeded in 
producing surrounded by the multifarious interruptions of home. 

Conversely, concentration on the details of the compass-test greatly 
diminished the accuracy of H.’s answers. During a large number of 
examinations, directed towards elucidation of the phenomenon of 
“double ones,” H. was asked to state whether the two sensations 
seemed to be far apart and, if possible, to indicate the position of the 
two spots. This required much concentration of attention on the details 
of testing and considerably raised the threshold. 

To measure the power of appreciating roughness, we used Graham 
Brown’s esthesiometer. This instrument consists of a smooth metal 
surface from which small cylinders can be made to project for a measur- 
able distance. In the pattern we used, a complete turn of the screw 
vaused each of the six small cylinders to project 0°55 mm. As each 
complete turn was divided into ten equal parts, each of these divisions 
represented a projection of 0°05 mm. 

The smooth surface was passed across the skin, and then the cylin- 
ders were made to project until a sense of roughness or “ raking” was 
produced. In every case, the most careful comparative observations 
were made over similar parts of the sound limb. 

For some of our observations on localization, we used the method 


of Victor Henri [19]. H. was given a life-sized photograph of the 
back of his hand and was told to mark on it the spot stimulated. But 


for the majority of our observations, we depended on verbal description 
of its position or on pointing with the index of the right hand. H.’s 
strong powers of visualization rapidly led to the development of what 
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may be called a visual map of the affected area. He had but to close 
his eyes to see a picture of his hand with the affected area marked upon 
it as clearly as in a photograph. As soon as a spot was stimulated, he’ 
saw its position on this map and at once described the neighbouring 
landmarks. He could even give approximate measurements; for in- 
stance, he would say that the point stimulated lay in “ the interosseous 
space about 1 in. from the head of the first metacarpal.’’ Occasion- 
ally, he was allowed to point with the index finger of the right hand; 
but, since this in itself acts as a stimulus, it should be rarely permitted 
and should be reserved for special occasions. 

Unfortunately, the affected area on the back of the hand was too 
small for the satisfactory determination of the relative shape of different 
objects applied to the skin. Squares, triangles, and circles of wax or of 
india-rubber which lay well within its borders could not be distinguished 
with certainty over similar parts of the normal hand. 

Deep sensibility was not disturbed by the operation. The vibrations 
of a tuning-fork were appreciated from the beginning, and this test 
played no further part in our investigations. 


CHAPTER IIJI].—THE PHENOMENA OF DEEP SENSIBILITY. 


That the muscles were endowed with sensory nerves was a necessary 
corollary to the universal acceptance of a “muscle sense.” But Sher- 
rington [25] was the first to demonstrate afferent fibres in the nerves of 
skeletal muscles. By degenerative methods he traced their course to the 
muscles, and, in the opposite direction, showed that they entered the 
spinal cord by the posterior roots of those segments which gave rise to 
the motor fibres of the same muscles. This discovery did not receive 
the attention which was due to it, because it seemed to be little more 
than the last stone necessary to support the universally accepted hypo- 
thesis of “‘ muscular sense.”’ 

But we long ago suspected that the existence of so many afferent 
fibrcs in the muscular nerves was not connected with the power of 
estimating movement only. 

At the beginning of their investigation, Head and Sherren were 
deep sensibility.” They 


“se 


brought face to face with the problem of 
found, when all the cutaneous sensory nerves to a part were divided, that 
it was not of necessity totally anesthetic. But, although they saw that 
the only structures which could account for the existence of this sensi- 
bility were the afferent fibres in the nerves of the muscles and tendons, 
accidental lesions of nerve trunks gave little opportunity for bringing this 
BRAIN.—VOL. XXXI. 25 
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question to a direct issue. Accidental lesions usually divide mixed nerves 
containing both the fibres to the skin and to the muscles. By chance 
it may happen that one group has regenerated whilst the other group 
remains divided (as in Case 28, p. 321, Head and Sherren [17]). But it 
is impossible to say how far the characters manifested under these con- 
ditions by deep sensibility are normal, and how far they are due to 
incomplete regeneration. 

We therefore determined in our experiment on nerve division to 
bring this question to a direct issue. A large area of skin was to be 
robbed of its sensory functions entirely, but the sensibility of the deep 
parts was to remain undisturbed. By this means, we hoped to have the 
opportunity of discovering the nature of the sensibility subserved by 
the afferent fibres of the nerves to the muscles and other deep structures. 
The result far exceeded our expectation. We found that deep sensibility 
is an important factor in the sum of afferent impulses which pass into 
the central nervous system. For the impulses conducted by the afferent 
fibres of these deep nerves underlie our sensations of tactile and painful 
presure, of the locality of deep touch, and of the position of the parts 
in space. 

All these sensory qualities are associated with some aspect of pressure, 
and all are undisturbed by the denervation of the skin. They can 
therefore be united into one group under the name of “deep sensi- 
bility,’ which will form the subject of the present chapter. 

The observations upon which the statements in this chapter are 
based were made between April 26 and July 20, 1903, when cutaneous 
sensation began to return to the back of the hand. During this period 
the sittings occupied twenty-two separate days; so that we had ample 
opportunity for studying the peculiar behaviour of a part where the skin 
had been rendered totally insensitive. 

(1) Tactile Pressure. 

As soon as H. regained consciousness after the operation, he was 
delighted to find that no part of the back of the hand was insensitive 
to a touch with the finger or similar hard object. The next day he 
was carefully tested by Mr. Sherren, who found that over the area of 
cutaneous insensibility on the back of the hand a pressure-touch with 
the rounded end of a pencil was not only appreciated every time, but 
was localized to within $ in. (1°25 cm.) of the spot touched. 

Nine days after the operation, Dr. Rivers summed up the’ results of 
an extended series of observations in the following words :— 
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“The most striking features of the examination of May 4 were 
that slight pressure on the abnormal area of the skin was appreciated 
and could be localized, whilst touches with cotton wool or deformations 
of the skin, caused by drawing a hair outwards, produced absolutely no 
sensation.” 

Whether a sensation was or was not elicited, when a thick camel’s 
hair brush was applied to the dorsum of the hand, depended largely 
on the way in which the brush was used. If applied suddenly and 
vertically to the skin so as to cause a jar, a slight sensation of touch was 
produced ; but when the pressure was made more gradually, no sensation 
was appreciated until distinct deformation of the brush occurred. Even 
in this case slight pressure only was necessary to evoke a sensation. 

In the same way, stroking the part gently with a wisp of cotton 
wool was entirely unperceived, in spite of the thick growth of hair on 
the back of H.’s hand. - But cotton wool, balled together into a 
such as is used for sponging a wound, caused a sensation if pressed upon 


ae 


swab,”’ 


the affected area. Slight pressure with such a ball of cotton wool might 
be perceived when it was put on or taken off only, and it was possible 
to place it on the skin with so slight a pressure that it was not appre- 
ciated at all. 

The more gradually contact was established between the stimulating 
object and the affected part, and the smaller the pressure applied, the 
less likely was it that a sensation would result. All our observations 
showed that parts endowed with deep sensibility only are especially 
sensitive to jarring impact. 

Not even stimulation with No. 8 of von Frey’s hairs could be re- 
cognized, when applied to the affected area on the back of the hand. 

When the skin was gently raised between the finger and the thumb 
so as to form a loose fold, it was found to be entirely insensitive, even 
to grave pressure. 

Similarly, no sensation was experienced when considerable traction 
was exerted on a hair; the skin could be elevated to the maximum 
extent until the hair was pulled out, and no sensation was evoked. 
But a scarcely visible deformation of the skin by pressure was at 
once appreciated. 

On several occasions, when the back of the hand was deeply frozen 
with ethyl chloride, touches were distinctly appreciated on the frozen 
area. On one occasion, H. stated that he could recognize no difference 
between the touches on the frozen portion and those on the surrounding 
parts. In this observation, not only was any possible sensibility of the 
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skin excluded, but also that of the more superficial layers of the sub- 
cutaneous tissues, and it shows that they are endowed with sensi- 
bility at a considerable depth. 

Several introspective observations were made on the character of the 
sensations of deep touch. On one occasion, H. recorded that without 
careful attention, no difference in quality would have been noticed 
between touches produced by pressure on the anesthetic and normal 
areas. Pressure with the head of a pin on the normal skin produced 
a tactile sensation, together with sensations of slight cold and of hair- 
stimulation. On the affected area, the latter elements were no longer 
present, but the fundamental quality of the sensation seemed to remain 
the same, so that when the head of the pin was passed across the border 
separating the normal and affected areas, a considerable effort of atten- 
tion was necessary to detect when the change occurred. The differences 
in quality were of such a kind that it is very improbable they would be 
noticed by any but a trained observer. On a later occasion, observations 
were made by stimulating the normal right hand covered with a thin 
rubber glove, when H. noted that the quality of the touches resembled 
that experienced from the abnormal area. 

The most extended observations were made on the back of the 
affected hand, because of the rapidity with which sensation began to 
return to the skin of the forearm. But during the short time at our 
disposal, the anesthetic parts of the forearm were found to behave 
exactly in the same way as the insensitive area on the dorsum of the 
hand. 

In conclusion, there is no doubt that the back of the hand was so 
sensitive to contact, that most observers would have said the sensation 
of touch was unaffected. 


(2) Roughness. 


One of the most striking features of a part endowed with deep 
sensibility is the ease with which roughness can be appreciated. 

The utility of Graham Brown’s esthesiometer depends on our power 
of appreciating roughness, when small cylinders are made to project for 
a measurable distance from a smooth metal surface. When these pro- 
jections can be perceived, the sensation is one as if the part was “ raked.” 
It was found that, in this respect, the affected parts of the left hand were 
in no way inferior to similar parts of the right hand. 

Thus on June 7 the following readings were obtained :— 
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R. (sound). L. (affected) 
0°025 mm. Not appreciated a eee Not appreciated. 
0°033 mm. Slightly rough wee oe More definitely rough. 
0°041 mm. Definitely rough ee ne Definitely rough 


There was no gross difference between the two sides, but, if anything, 
the superiority was on the side of the affected hand. On this occasion, 
H. dictated the following note: ‘‘ When the instrument was moved 
across the first interosseous space, I was more certain on the left 
hand than on the right that it was smooth or rough. On the sound 
hand I was more frequently confused by the sensations which arose 
from the necessary contact with hairs; no such confusing accessory 
sensations arose on the abnormal hand. The sensation of raking was 
much purer on the affected side.”’ 

If the anesthetic skin was gently lifted into a large fold, this roughness 
ceased to be appreciated until the projections were extended to 0°65 mm. 
or 0°75 mm. Even then, the “raking” was rarely appreciated, and it 
was doubtful whether this sensation was not due to traction communicated 
to deeper structures.- 

Thus, the power of appreciating roughness is evidently a function of 
deep sensibility. Complete anesthesia of the skin, far from diminishing 
this sensation, seems to make its recognition slightly more easy by 


removing the possibility of other disturbing sensations. 


(3) Painful Pressure. 


Although the skin of the affected area was totally analgesic to prick 
and to the painful interrupted current, excessive pressure produced a 
characteristic aching pain over the back of the hand from the beginning 
of the experiment. 

The first measurements with the pressure algometer were made on 


June 7, and resulted as follows :— 


R. L. 

; (4 Ld 

First series “a5 4°5 ne Fe 2°0 
\4 2°0 

(3°5 a eee 3°5 

Second series ao Sa os ns 2°0 
(40... | WS 


Another series gave the following results, when pressure was applied 


in the first interosseous space :— 
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R. L. 
3°25 rey see 2°0 

































2°5 ts ies 2°5 
3°25 ae “-_ 1°75 
3°25 oa ati 20 
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These observations showed so consistent a tendency for lower read- 
ings to appear on the affected than on the sound hand that pressure was 
increased, until H. said the pain was severe. This point was reached on 
the left (affected) side at 3°5, at 5 on the right (sound) hand. 

There were local differences on both sides in the amount of pressure 
necessary to cause pain, but in every case the readings were less over 
the affected area than over similar parts of the sound hand. 

Comparative readings were taken over the second metacarpal bene 
and over the interosseous space, with the following result :— 


R. L. 
Over the metacarpal bone van eee am = 2 ~~ @§ § 
Over the muscle of the interosseous space --- 3 4°25 3°5 3°25 


H. thought that the difference between the two hands lay not so 
much in the quality of the sensation as in the way it developed. On the 
affected side, pain emerged rather quickly as a definite aching from a 
dull sensation of deep pressure. On the sound side, the development 
was more gradual out of a mixed general sensibility. Desire to with- 
draw the hand was more urgent on the affected side. Moreover, H. 
said, “I feel more frightened at the application of pressure on the 
affected side.” 

When the algometer was pressed on a raised fold of skin against 
counter pressure of R.’s fingers, no pain was produced with pressures of 
85. On the normal side, pain was produced with a presgure of 2°25. 

Thus, in conclusion we can say that it is one of the properties of 
deep sensibility to answer to the stimulus of excessive pressure by the 
: production of pain. This pressure-pain is apparently wholly due to the 
‘ activity of those nervous structures which are not interfered with by 
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complete denervation of the skin. 
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(4) Localization. 


WES ape eveediod 


The most surprising quality of this deep sensibility is the ease with 
which tactile pressure is localized. Three methods were employed for 
testing the power of localization. First, H. kept his eyes closed, but 
tried to point to the spot touched with his right hand; or he was 
allowed to open his eyes and point, without contact with the skin, to 
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the place he supposed had been touched. Lastly, R. touched the 
affected area at a spot he had marked on a life-sized photograph of the 
left hand, whilst H. attempted to mark the spot on a similar photo- 
graph. This is the method of Victor Henri [19], and in this case it 
gave surprisingly good results. 

A fortnight after the operation, on May 9, it was found that of 
twenty-nine touches within the affected area, seventeen were quickly 
appreciated and accurately localized, six were not localized correctly, 
and six were not appreciated at all. It must be remembered, that at 
this stage the skin over the affected area was swollen, which somewhat 
hindered these experiments. The passing away of the swelling rendered 
the later experiments even more striking. 

On May 17 a series of twenty-four observations was recorded by 
Henri’s method on life-sized photographs. The results were remark- 
able, and it could not be said that there was any difference between 
the two hands in the quickness and accuracy with which pressure, 
touches were localized. 

R. chose nine spots in various parts of the affected area unknown to 
H.; these are marked in black on the annexed figures (figs. 15 and 16). 
The following table gives the places stimulated in order and the posi- 
tion of the spots marked by H. on his photograph : 

(2) Localized exactly. 

(3) Localized 1°3 cm. from the spot touched. 

(4) Localized exactly. 

(8) Lay over the interphalangeal joint of the thumb, and was 
localized near the metacarpo-phalangeal joint at a distance of 2°5 cm. 

(1) Localized exactly. 

(9) Over metacarpal of thumb—localized at a spot 2°5 cm. distant in 
interosseous space. 

(6) Localized 0°5 em. from spot touched. 

(5) Localized 0°75 cm. from the spot touched. 

(7) Localized 1°0 cm. on the proximal side of the point touched. 

(2) Localized exactly. 

(4) Localized exactly, so much so that the mark of the previous 
record was identical with that of this stimulation. 

(7) Localized 1°0 em. from point touched over the same spot as 
before. 

(6) Localized exactly. 

(8) Localized exactly. 

(9) Localized 3 cm. distal to the spot stimulated. 
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Fia@. 15 


Reduced to two-thirds the natural size (May 17, 1903). 

Certain spots were marked on a life-sized photograph of H.’s hand. These are shown 
by black numbers within a circle of 1 cm. in diameter. 

H. was given a similar photograph and marked upon it in each case the spot he 
thought R. had touched. 

The photograph showing the spots stimulated and that showing H.’s localization 
have been combined ; the marks made by H. are printed in red. Thus, for instance, a 
red 3 shows the spot marked by H. as the locality of a stimulus applied by R. to the 
area marked with a black 3. 

The order of stimulation is given in the text. 


f 
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Fic. 16. 


In order to test the localization over the spots 8, 7, 6, 9 and 3 two photo- 
graphs of the lateral aspect of the hand were used exactly as described under 
fig. 15. These have been combined in the same way and the marks made by 
H. have been printed in red. 
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(7) Localized exactly. 

(3) Localized exactly. 

(6) Localized exactly. 

(7) Localized exactly. 

(9) Localized 2 cm. distal to the point stimulated. 

(3) Localized exactly. 

(8) Localized exactly. 

(2) Localized exactly. 

(6) Localized exactly. 

Point 2 was touched three times and in every case was localized 
exactly. 

Point 3 was localized twice exactly and once 1°3 cm. from the spot 
touched. 

Point 4 was localized twice exactly. 

Point 6 was twice localized exactly and twice within 0°75 cm. of the 
spot touched. 

Point 7 was twice localized exactly and twice 1°0 cm. from spot 
touched. The two erroneous localizations fell over the same point. 

Point 8 was twice localized exactly. Once it was localized over the 
proximal joint at a distance of 2°5 cm. 

Point 9 showed the worst localization of any of the spots chosen, and 
was always localized distal to the point of stimulation; twice 3 cm., and 
once 2 cm. 

Thus, all our experiments showed that the localization of a touch 
sufficiently heavy to cause a sensation was remarkably accurate. This 
power of localization remained after freezing with ethyl chloride, though, 
owing to the haste with which such observations had to be made, it was 
somewhat less accurate than at other times. 


(5) Spacial Discrimination (Compasses). 


In spite of the remarkable power of localization, H. was entirely 
unable to discriminate one from two points of the compasses, even 
when separated for the widest distance permitted by the size of the 
affected area on the hand, 6 cm. in a direction longitudinal to the axis 
of the limb. And yet, over a similar part of the normal hand, a perfect 
record was obtained at 2 cm.! 


' Occasionally, when the compasses were applied over the anzsthetic skin of the forearm 
with the points at distances exceeding 10 cm., H. recognized them as two. But he was 
clear that this depended on the localization of one point at one place and the other in 
widely distant part of the limb. He had no sense of inevitable ‘‘ twoness,” as when the two 
points were separated to a distance above the threshold on the normal skin. The process was 
one of judgment, in that he knew he was being touched near the wrist and also somewhere 
up the forearm. 














A HUMAN EXPERIMENT IN NERVE DIVISION 365 


But, as soon as the second point was placed upon the skin a fraction 
of a second later than the first, H. at once recognized that he was being 
touched in two places. 

When the compasses were 3 cm. apart, he called every simultaneous 
contact “one,” whilst four out of five stimulations with two points 
successively were recognized and the fifth was said to be doubtful :-— 


(One point R ... 1 
3 em. 4Two points simultaneously 1 1 1 l 1 
Two points successively 2 2 3 “D 2 


Even at a distance of 1°5 cm. H. was surprisingly often right in his 
answers provided stimulation was successive :— 


(One point 1 1 oe 


1°5 em. {Two points simultaneously a a Ae oy 
2 2 2 2 &iD 2 D 


\Two points successively 1 
On the sound side the formula was as follows :— 


(One point 1 . ee 4 
1°5 em. ;Two points simultaneously 1 wien 


bo 
te 
bo 


bo 
bo 
to 
to 


bo 


(Two points successively 


And in every case where a right answer was given, H. recognized 
whether the two points were applied simultaneously or successively. 

Thus it is evident that the presence of deep sensibility alone does 
not make it possible to discriminate two points applied simultaneously. 


(6) Appreciation of Size and Shape. 


All appreciation of size was lost over the affected area endowed with 
deep sensibility only. Even the flat and the edge of a knife could not 
be distinguished from one another. H. seemed to have no power of 
telling the relative size of a series of wax figures, although he at once 
recognized the relative pressure with which they were applied. 

A small square of 1 cm. was placed on the skin with considerable 
pressure and compared with another figure 4 cm. in diameter applied 
with little pressure. H. made no statement with regard to the relative 
size of the objects, but said the first gave a sense of greater pressure. 
This was repeated many times on different occasions with the same 
result. 

All power of telling the head from the point of a pin was entirely 


absent over the affected parts. 
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Unfortunately, the size of the area on the hand did not permit of the 
complete application of tests for shape. It was found that even a circle, 
& square or a triangle, cut out of wax so that all lay entirely within a 
4 cm. square, could not be distinguished with certainty on the dorsal 
surface of the sound hand. But, although the answers were wrong as 
regards the shape, H. had a definite sensation of pressure on a circum- 
scribed surface, a surface with borders and angles. On the affected 
hand, the sensation was one of pure pressure accompanied by no idea 
that the object by which the pressure was produced had any shape. 
Thus, on June 22, it was noted that on the back of the left hand 


— my 


there was a complete absence of any element of shape in the sensations. 
Pressure was experienced, and this was well localized, but there was 
nothing to indicate that the body producing the pressure had any 
shape. But on the sound side there was a distinct impression of form, 
chiefly of angles here and there, though the total shape could not be 


perceived correctly. 

When a very large surface was applied, H. thought it seemed to him 
large, because he had a visual picture of his hand on which he had 
certain points of reference, such as the first and second metacarpal 
bones with their tendons. He imagined the object was large, because 
he perceived a sensation from both these widely separated places. But 
this failed entirely if both spots could be touched strictly simultaneously 
when the large object was applied to the skin. 


(7) Perception of Movement on the Skin. 


In some of the observations in which the skin was stimulated 
successively with compass-points, the sensation produced was not so 
much one of “‘ twoness ”’ as of rocking or pushing on the skin. This led 
us to test whether the affected area was especially sensitive both to 
progressive movement over the skin and to rotatory movement of a round 
object in which the stimulated area of the skin remained the same. 

Slight movements were readily appreciated on the affected side, but 
we could not detect any definite difference in sensitiveness between the 


two hands. 


(8) Recognition of Muscular Movement. 


Head and Sherren ([{17] p. 214) were able to show that perfect 
recognition of passive movement of the joints was possible when the 
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nerves to deep parts alone were intact. In the case of H. we had no 
means of attacking the problem, for no part of any finger was totally 
insensitive to cutaneous stimulation. 

But we were able to show that the interrupted current could produce 
sensation by contracting the muscles only. Even the slightest con- 
traction of the abductor indicis or the adductor pollicis produced a 
distinct sensation of movement, localized in the muscle. No pain was 
evoked, unless the muscle was thrown into cramp. 


(9) Temperature. 


The existence of deep sensibility conveys no capacity for appreciating 
stimulation with any degree of temperature. Ice and water at 60° C. 
were equally incapable of evoking a response over the affected area of 
the hand. The parts could be frozen stiffly with ethyl chloride, and H. 
remained unconscious of any stimulation, provided the normal skin was 
carefully protected with a thick layer of impervious material. 

This freezing produced a numb aching, in no way allied to a thermal 
sensation, but resembling the “numbness” produced by extended expo- 


sure of the hands to severe external cold. 


In conclusion, we have shown that the peculiar aptitude possessed by 
a part innervated solely by the afferent fibres of a muscular nerve is 
the appreciation of all stimuli which produce deformation of structure. 
Pressure or jarring contact are quickly appreciated and localized with 
remarkable accuracy. ‘“‘ Roughness” is as well recognized on the 
affected as on the sound hand. 

Two points can be discriminated if applied successively, but not 
when contact is made strictly simultaneously. 

Although pressure is well localized, all sense of relative size is lost 
over the affected parts. 

Excess of pressure produces an aching pain; and the cramp, caused 
by repeated electrical stimulation of the muscles, is at once appreciated. 

Pressure, which ordinarily causes a sensation of touch or of pain, 
produces no effect upon consciousness when applied to a fold of skin 
elevated into a ridge, thus proving that the sensations which are present 
are not due to any end-organs remaining in the skin. 

The presence of deep sensibility conveys no power of appreciating 


any temperature stimulus. 

















pomremene 
tage ap an ae 







2 


LP A NTE, EI Ae a nen IS 










a 
al e 















—] (Ae ace aa \e ~ 
Pere Sree ee 









ete 
pe oat "1h oe 





are 


Le — ting 


$m 


368 ORIGINAL ARTICLES AND CLINICAL CASES 


CHAPTER IV.—PROTOPATHIC SENSIBILITY. 


Section 1.—Borders of Dissociated Sensibility. 


The nature of our experiment laid bare the peculiar qualities of deep 
sensibility in an unequivocal manner; for all sensory impulses were 
destroyed, except those passing by way of the afferent fibres of nerves 
of muscles and tendons. Deep sensibility, as we have described it, is 
the expression of one set of afferent impulses, uncomplicated by the 
simultaneous activity of those arising in the skin. It cannot be the 
result of any abnormal reaction on the part of the central nervous 
system, nor can it bear any relation to the processes of regeneration. 

But when we attempt to analyse the complex of afferent impulses, 
which travel by way of the cutaneous nerves, we are hampered by the 


following difficulty: It is not possible to arrange the experiment in 
such a manner that a large area of skin shall be rendered insensitive to 


certain stimuli, without at the same time gravely impairing its sensibility 
to those we desire to study. It is impossible to produce a condition 
analogous to that of total cutaneous anesthesia with complete integrity 
of deep sensibility. We can, it is true, find parts that are sensitive 
to one group of cutaneous stimuli and insensitive to another; but even 
these are areas of lowered sensibility. 

In our case, we had even less opportunity than usual for studying the 
primary dissociation of cutaneous sensibility. For, on the anterior sur- 
face of the forearm, the loss of sensation to prick and to cotton wool 
corresponded exactly. Towards the radial aspect its boundaries were 
ill-defined to both stimuli, merging gradually into parts of normal 
sensibility. But over the back of the hand lay a narrow border, 
2 mm. in breadth, insensitive to cotton wool but sensitive to prick. 
Within this area, so vivid was the response that the skin might have been 
considered over-sensitive to painful stimuli. Within ten days of the 
operation, R. noted that the border on the back of the hand was ‘‘ hyper- 
algesic.”” H., describing his sensations, said that within this area the 
prick of a pin was intensely disagreeable, far in excess of anything 
experienced on normal parts; he could not refrain from crying out 
and withdrawing his hand. When the hairs were pulled, no response 
was obtained from any part of the analgesic area. But, as soon as that 
portion was reached where the skin was sensitive to prick but not to 
light touch, H. at once exclaimed that the sensation was “ stinging ”’ ; 
he was unaware of the nature of the stimulus, but experienced a diffuse 
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unusually disagreeable sensation only. If the induction coil was so 
arranged that it produced a current, scarcely, if at all, painful over 
the normal skin, it caused a more disagreeable sensation over the area 
of dissociated sensibility. 

When the normal skin was pricked, H. at once said, “‘ That was a 
prick,” but did not ery out or withdraw his hand. But a prick or any 
other painful stimulus applied within the area of dissociated sensibility 
produced an immediate withdrawal of the hand and an exclamation of 
pain. Yet, in spite of this vigorous expression of discomfort, he was 
able to recognize that the dissociated border was less sensitive even to 
cutaneous painful stimuli than the normal skin. A stronger stimulus 
was required to produce pain, but when once evoked the sensation was 
more disagreeable than over normal parts. 

Within three weeks of the operation, ancther small dissociated zone 
appeared in the first interosseous space around the distal border of the 
affected area. Here sensibility to painful cutaneous stimuli was so low 
that they were followed by no increased reaction. A prick produced a 
slowly developed, dull aching, different from the exaggerated discomfort 
evoked on stimulating the border on the back of the hand. Moreover, 
this small area in the interosseous space was insensitive to all thermal 
stimuli, and neither cold- nor heat-spots could be discovered within it. 
It was evidently so little sensitive to protopathic stimuli that the skin 
could respond to painful stimulation only, and even this response was 
extremely feeble. 


Section 2.—Pain. 


The back of the hand became sensitive to painful cutaneous stimuli 
within eighty-six days of the operation. With the steady increase of 
this form of sensibility, the response to the prick of a pin began to 
assume the characters of diffuseness and increased unpleasantness, with 
which the sensations from the dissociated border on the back of the 
hand had already familiarized us. 

At first the sensibility was low and the innervation evidently 
defective. But in time the whole of the back of the hand responded 
vividly to cutaneous painful stimuli, though still anzesthetic to von Frey’s 
hairs and other forms of light touch. Within this area the prick of a 
pin produced an intensely unpleasant sensation of pain. When the 
point was dragged across the hand from normal to abnormal parts, the 
sensation became more unpleasant immediately the boundary of the 
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affected area was passed. The change was so sudden and the new 
sensation so disagreeable that the border could be marked out to 
within 2 mm. 

But although the response was greater, H. early recognized that 
sensibility to prick was still defective. Tested with the algesimeter, it 
was found that pain was not produced until the instrument registered 
from 30 to 40, whilst on similar parts of the normal hand the point 
was painful at about 25. Thus, although the sensation produced over 
this protopathic area was much more unpleasant than over normal 
parts, the sensibility, as measured by the pressure exerted on the point, 
was distinctly diminished. 

Most clinical observations on parts in a protopathic condition must 
of necessity be made before this form of sensibility has been completely 
restored. For in most cases epicritic sensibility begins to return whilst 
the measured pain-threshold is considerably higher than that over 
similar parts of the normal limb. 

Fortunately, a portion of the affected area on the back of the hand 
still remains insensitive to all epicritic stimuli at the end of five years. 
Here protopathic sensibility has reached a high grade, and pain is 
produced as readily by the algesimeter as over normal parts. But, 
although the stimuli are identical, the sensation over the protopathic area 
is much more unpleasant. It would be certainly described as “more 
painful ” by any ordinary patient. 

The threshold for painful sensation measured by means of the “ pain- 
hairs”’ is the same over this protopathic area as over an analogous part 
of the sound hand. No. 120 was painless, but No. 150 caused distinct 
pain over many places on both hands; with No. 200, the points from 
which the characteristic stinging pain could be evoked were very 
numerous. But, although the threshold was the same in the two 
cases, the sensation produced was much more unpleasant over the 
protopathic area. It radiated widely and was localized in remote parts ; 
everything conduced to the impression that the pain was greater. 

Thus, we may conclude that painful cutaneous stimuli produce a 
more unpleasant and more diffused sensation within highly protopathic 
areas than over normal parts. Moreover, this is the case even when 
such tests as the algesimeter and the pain-hairs show that the thres- 
hold of painful sensation still remains higher than normal. 

{xistence in the normal skin of what may be called “the sense of 
a point ’’ renders difficult all comparison of the threshold for pain over 


normal and protopathic areas. As soon as a sharp point is brought into 
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contact with the normal skin of the hand, a person recognizes that he is 
touched with a pointed object ; even with the indicator of the alge- 
simeter at zero, H. always knew that he was about to be pricked on the 
normal skin, although no actual pain was produced until it registered 
from 20 to 30 on the scale. Over protopathic parts this sense of a 
point was absent. Contact with the instrument produced no response, if 
jarring was avoided. With gradually increasing pressure, a diffuse sen- 
sation of pain slowly developed, preceded by no indication that the 
stimulus was a pointed object. This would certainly mislead an ordinary 
patient ; but H. found with practice that he could recognize, over normal 
parts, when this sensation of a point changed to pain. 

We have spoken of the wide diffusion of the painful sensation and of 
its tendency to be localized in parts widely remote from the point 
stimulated. This reference is not fortuitous, but stimulation of the 
same spot usually produced a sensation in the same remote area. Thus, 
the skin between the knuckles of the index and middle fingers was 
linked up in a remarkable manner with the dorsal aspect of the thumb, 
and an area in the neighbourhood of the wrist was peculiarly associated 
with sensations in the proximal part of the forearm. A full description 
of these referred sensations will be given in chapter VIII. 

During the period of returning sensibility to prick, it was evident 
that some points within the affected area responded, whilst others 
remained insensitive. Recovery was not uniform, but the skin became 
dotted with spots sensitive to painful stimuli. 

Von Frey has shown that within any chosen area of the normal skin 
certain points respond more readily to painful stimulation. A stiff hair 
of known bending strain will cause pain at some spots but not at others. 
By this means it is possible to measure the force necessary to cause pain 
in any part of the body. These small areas have been called pain-spots 
on the analogy of the well-known heat- and cold-spots. But they are in 
reality points of maximum sensibility to pain, and when von Frey states 
that a certain hair evokes sensation from the pain-spots of a particular 
area, he in no way denies that hairs of greater bending strain may cause 
pain at other points within it. 

When we attempted to map out these maximum spots within an 
area of recovering sensibility, we met with many difficulties. Spots 
could be marked out which were sensitive to painful cutaneous stimuli ; 
but on again testing the area, many of these spots would not react, and 
new sensitive points were found between them. Moreover, even those 
which seemed to be constant from day to day were easily fatigued, and 
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consecutive stimulations rarely produced the same results. Thus, we 
prefer to say that sensibility to prick returned by means of small sensi- 
tive spots within the analgesic area; these increased in number as the 
innervation of the part improved. 

Long after the back of the hand had become sensitive to prick, the 
high threshold for pain showed that its innervation was still defective. 
But nearly five years after the operation the threshold over the perman- 
ently protopathic area had fallen to normal. It might have been 
thought that this would have formed a perfect field for the investigation 
of pain-spots. Here 200 grm./mm.” everywhere produced a_ painful 
sensation, resembling the sting of an insect. At some points, this was 
more intense than at others; but we were unable to mark out definite 
pain-spots with this stimulus. When we used 150 grm./mm.’, pain was 
produced at some points but not at others, exactly as on the normal 
skin. Yet when these spots were tested from day to day, they were not 
constant. Sometimes they reacted to 150 grm./mm.*, and sometimes 
they failed to respond. Here and there, we found a particularly active 
spot which sometimes reacted to 70 grm./mm.*. By using hairs between 
70 and 150 grm./mm.’, this spot could generally be rediscovered, but not 
always with the same stimulus. 

Thus it would seem, that, when a portion of the skin has long been 
sensitive to pain, but does not respond to tactile stimuli, spots of maxi- 
mum sensibility may be found equivalent to those described by von Frey. 
3ut at no point is it certain that pain can not be produced by increasing 
the strength of the cutaneous stimulus. 

In conclusion, we find that, during the greater part of the protopathic 
period of recovery, the threshold for cutaneous painful stimuli is higher 
than normal. Buta small area on the back of H.’s hand has remained 
in this condition up to the present time (1908); here the threshold, 
measured with hairs of known bending strain, has sunk to normal. But 
in both cases, even when the protopathic sensibility of the affected area 
was demonstrably defective, the sensation of pain evoked radiated widely 
and was referred into remote parts. It was more unpleasant and was 
usually said to be “ more painful” than the pain which followed applica- 
tion of the same stimulus to the normal skin. We believe that the 
sensation of pain evoked by punctate cutaneous stimuli is due to small 
sensitive areas in the skin analogous to the heat- and cold-spots. These 
vary greatly in activity and threshold, and the ‘ Schmerzpunkte” of 
von Frey are the pain-spots of the lowest threshold in any particular 


part of the skin. 
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Se tion 3.- H. at and Cold. 


No return of sensation to any form of thermal stimulus could be 
discovered on the forearm until August 15 (112 days after the opera- 
tion). We then found that the proximal portion of the affected%area 
was sensitive to ice-cold. The next day cold-spots had reappeared over 
these parts, but nowhere else within the affected area. Of these spots, 
four lay within the upper (proximal) forearm patch’ and five over the 
dorsal aspect of the thumb; five responded uniformly, even to a drop of 
cold fluid, whilst four were what we have called spots of the second 
crade. It is therefore certain that the earliest return of sensibility to 
‘old coincided with the reappearance of cold-spots. 

A similar return of sensation (September 9) within the lower (distal) 
forearm patch’ was associated with the reappearance of six cold-spots. 
When this area was stimulated with a cold test-tube, a sensation was 
experienced in the region of the metacarpal of the thumb. This is the 
phenomenon of “ reference,” which will be considered fully later. We 
found that this peculiar sensation at a distance could be evoked by 
stimulating a single cold-spot. The character of the reaction to wide- 
spread stimulation was the same as that of an isolated spot, additional 
evidence that the sensibility to cold depended on the reappearance of 
the cold-spots. 

In the same way, the return of sensibility to cold in the neighbour- 
hood of the base of the first phalanx of the thumb was associated with 
the appearance of a single cold-spot. On September 20, we found that 
whenever the silver test-tube fell within a certain area of about 1 cm. 
in diameter, it caused a brisk sensation of cold. On testing this part 
with the ice-cold rods, a single spot was discovered, to which the 
sensibility of the whole area was evidently due. 

Over the lower part of the forearm, in the neighbourhood of the 
wrist, lay a triangular area, sensitive to cotton wool, but entirely in- 
sensitive to prick and to cold. On October 15, for the first time, a test- 


} } 


tube containing ice evoked a sensation of cold; this was due to the 
reappearance of a single cold-spot in the centre of the triangle. 
Parts on the back of the hand, such as the interosseous space, first 


1’ sponded to cold on Octobe r 10. Her also the return of sensibility 





[he area of disturbed sensation on the forearm could be divided roughly into three 
portions (fig. 7). The upper patch extended for about 2 in. (5 cm.) distal to the scar; 
this was followed by a more elongated patch, passing L of a narrow neck into the 
anesthetic area on the bac the hand. These will frequently be spoken of as the 
‘upper” and ‘lower’ forearm patches and the ‘‘ neck.” 
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consecutive stimulations rarely produced the same results. Thus, we 
prefer to say that sensibility to prick returned by means of small sensi- 
tive spots within the analgesic area; these increased in number as the 
innervation of the part improved. 

Long after the back of the hand had become sensitive to prick, the 
high threshold for pain showed that its innervation was still defective. 
But nearly five years after the operation the threshold over the perman- 
ently protopathic area had fallen to normal. It might have been 
thought that this would have formed a perfect field for the investigation 
of pain-spots. Here 200 grm./mm.” everywhere produced a_ painful 
sensation, resembling the sting of an insect. At some points, this was 
more intense than at others; but we were unable to mark out definite 
pain-spots with this stimulus. . When we used 150 grm./mm.*, pain was 
produced at some points but not at others, exactly as on the normal 
skin. Yet when these spots were tested from day to day, they were not 
constant. Sometimes they reacted to 150 grm./mm.*, and sometimes 
they failed to respond. Here and there, we found a particularly active 
spot which sometimes reacted to 70 grm./mm.°. By using hairs between 
70 and 150 grm./mm.*, this spot could generally be rediscovered, but not 
always with the same stimulus. 

Thus it would seem, that, when a portion of the skin has long been 
sensitive to pain, but does not respond to tactile stimuli, spots of maxi- 
mum sensibility may be found equivalent to those described by von Frey. 
But at no point is it certain that pain can not be produced by increasing 
the strength of the cutaneous stimulus. 

In conclusion, we find that, during the greater part of the protopathic 
period of recovery, the threshold for cutaneous painful stimuli is higher 
than normal. Buta small area on the back of H.’s hand has remained 
in this condition up to the present time (1908); here the threshold, 
measured with hairs of known bending strain, has sunk to normal. But 
in both cases, even when the protopathic sensibility of the affected area 
was demonstrably defective, the sensation of pain evoked radiated widely 
and was referred into remote parts. It was more unpleasant and was 
usually said to be “ more painful” than the pain which followed applica- 
tion of the same stimulus to the normal skin. We believe that the 
sensation of pain evoked by punctate cutaneous stimuli is due to small 
sensitive areas in the skin analogous to the heat- and cold-spots. These 
vary greatly in activity and threshold, and the “ Schmerzpunkte”’ of 
von Frey are the pain-spots of the lowest threshold in any particular 


part of the skin. 
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Section 3. —Heat and Cold. 


No return of sensation to anv form of thermal stimulus could be 


discovered on the forearm until August 15 (112 davs after the opera- 


tion). We then found that the proximal portion of the affected%area 
was sensitive to ice-cold. The next day cold-spots had reappeared over 


these parts, but nowhere else within the affected area. Of these spots, 
four lay within the upper (proximal) forearm patch’ and five over the 
dorsal aspect of the thumb; five responded uniformly, even to a drop of 
cold fluid, whilst four were what we have called spots of the second 
rade. It is therefore certain that the earliest return of sensibility to 
‘old coincided with the reappearance of cold-spots. 

A similar return of sensation (September 9) within the lower (distal) 
forearm patch’ was associated with the reappearance of six cold-spots. 
When this area was stimulated with a cold test-tube, a sensation was 
experienced in the region of the metacarpal of the thumb. This is the 
phenomenon of “ reference,” which will be considered fully later. We 
found that this peculiar sensation at a distance could be evoked by 
stimulating a single cold-spot. The character of the reaction to wide- 
spread stimulation was the same as that of an isolated spot, additional 
evidence that the sensibility to cold depended on the reappearance of 
the cold-spots. 

[In the same way, the return of sensibility to cold in the neighbour- 
hood of the base of the first phalanx of the thumb was associated with 
the appearance of a single cold-spot. On September 20, we found that 
whenever the silver test-tube fell within a certain area of about 1 cm. 
in diameter, it caused a brisk sensation of cold. On testing this part 
with the ice-cold rods, a single spot was discovered, to which the 
sensibility of the whole area was evidently due. 

Over the lower part of the forearm, in the neighbourhood of the 
wrist, lay a triangular area, sensitive to cotton wool, but entirely in- 
sensitive to prick and to cold. On October 15, for the first time, a test- 
tube containing ice evoked a sensation of cold; this was due to the 
reappearance of a single cold-spot in the centre of the triangle. 

Parts on the back of the hand, such as the interosseous space, first 
responded to cold on October 10. Here also the return of sensibility 


‘The area of disturbed sensation on the forearm could be divided roughly into three 
portions (fig. 7). The upper patch extended for about 2 in. (5 cm.) distal to the sear; 
this was followed by a more elongated patch, passing by means of a narrow neck into the 
unzsthetic area on the ba f the hand. These will frequently be spoken of as the 
‘upper and ‘‘lower”’ forearm patches and the *‘ neck.” 
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was coincident with the reappearance of cold-spots. Moreover, in 
consequence of the wide distances between them in this early stage 
of recovery, we were able to show that sensibility to cold was confined 
to the neighbourhood of the cold-spots ; parts which lay between them 
were insensitive to all cold stimuli. 

The return of sensibility to heat was considerably delayed in com- 
parison with that ic cold; but its relation to the reappearance of heat- 
spots was strikingly evident. The sparsity of these organs, and the 
large area of skin between any two groups of heat-spots, make it 
peculiarly easy to prove that they are responsible for all the sensations of 
heat experienced during the protopathic period of returning sensibility. 

Until October 8, heat produced no sensation anywhere within the 
affected area of the forearm or hand. But on this date, 166 days after 
the operation, tubes at 45° C. were occasionally said to be hot when 
applied to the upper patch on the forearm. Here a definite heat-spot 
was found to have made its appearance. 

On November 1, the back of the hand reacted for the first time to 
temperatures above 45° C., in the neighbourhood of the head of the first 
metacarpal bone. Here a distinct spot was found which subsequent) 
proved to be one of the most constant and active of all the heat-spots on 
H.’s hand. By November 9, a second spot had made its appear- 
ance, which reacted constantly and vividly, producing a sensation of 
warmth which radiated over the greater part of the first interosseous 
space. 

From this time the total number of heat-spots increased greatly ; but 
by January 25, 1904, the total number within the affected area on the 
back of the hand did not exceed fifteen. In the space between these 
spots it was easily shown that the skin was entirely insensitive to all 
degrees of heat (figs. 17 and 18). 

It was evident that the return of thermal sensibility at this stage 
was entirely dependent on the existence of cold- and heat-spots. Owing 
to the complete absence of sensibility to such stimuli everywhere except 
in the neighbourhood of these spots, investigation of their reactions 
was particularly easy, and an enumeration of the characters of thermal 
sensibility in the protopathic stage becomes an account of their peculiar 
properties. 

One of the difficulties associated with the investigation of punctate 
sensibility is the difference in the certainty and vividness with which the 
various spots react. Provided the conditions are favourable, some spots 
respond to every suitable stimulation, and H. learnt to recognize these 
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Fic. 17. 

To show the photographic record taken on October 3, 1904, when the affected area of the hand was 
in a purely protopathic condition. Within the twenty-five squares each of 1 cm. the dots represent 
cold-spots, the crosses heat-spots. This photograph records the results of investigations which lasted 
six days. 








Fic. 18. 


Lateral view of the hand taken on October 3, 1904 


The dotted line encloses the area of diminished sensibility. The unbroken line on both figs. 17 
and 18 encloses the parts in a condition of protopathic sensibility only. 
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first-grade spots, calling them by different names. They could b 
marked out with ease, whatever H.’s condition might be. But a con- 
siderable number of cold-spots responded with certainty only after a 
night’s rest, when first stimulated, or when the rod had been recently 
removed from the ice. Such second-grade spots can be found ove 
normal parts, but their discovery within a protopathic area is made eas) 
by the total absence of any but punctate thermal sensibility. 

Some of these second-grade spots will be found recorded on on 
photograph, some on another, and it is their existence which makes 
the marked area appear so different on various occasions. For instance, 
on a certain Saturday evening (July 9, 1904) all the cold-spots that could 
be discovered were those with which we had been familiar for many 
previous months. Next morning, we not only confirmed those marked 
out the night before, but obtained a response from a considerable numbe 
of other spots. On the third day, many but not all of these additional 
spots could be confirmed: but every one of those marked out on Satur- 
day night, when H. was fatigued, responded readily throughout the whol 
sitting. Thus, it can never be said at any moment that all the cold-spots 
in existence have been marked. However carefully the squares may have 
been examined, it will always be found at another sitting under different 
conditions that some spots have escaped discovery and that some pre- 
viously recorded no longer react. But, by extending the sittings ove 
several days, and by preventing for long periods the disappearance of th 
marks on the back of the hand, we were able to show that at this stave 
of recovery, wide spaces existed where the skin never reacted to punctat 
thermal stimuli. 

Von Frey long ago used a fine drop of ether, or even cold water, for 
discovering cold-spots, and we found that those of the first grade responded 
even to the drop of ink used to record their position. A spot was dis- 
covered by means of the ice-cold rod and then marked with coloured 
fluid at the temperature of the room. ‘This produced a sensation of cold 
if the spot was an active one; the antecedent stimulation with the ice- 
cold rod did not exhaust a first-grade spot sufficiently to prevent an active 


response, even to so feeble a punctate stimulus as a drop of fluid at a 


temperature of about 13° C. to 18° C. This “ reaction to marking” 


became, therefore, a useful criterion of the activity of any particula 


cold-spot. 
Among the heat-spots we found fewer differences in activity. Most 


of them reacted constantly to suitable stimuli, and could be roused to 


activity time after time at short intervals. [or instance, we neve 
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failed to discover those within the affected area in the adjacent angles of 
26 EK and 25 D. On the normal part of the back of H.’s left hand, a 


spot in the fourth interosseous space and the spot in the extreme upper 


corner of square 26 A responded on every occasion. So constant was 


rt 


this last spot that we were able to use it as a test for the accuracy 


with which we had marked the vertical base line of the system of 
squares (fig. 17, p. 375). 














Fic. 19. 


sition of the heat-spots within the twenty-five squares obtained by collating 
aphie records. 
f spots are enclosed they lie so thickly that sometimes one and sometimes 


on the photographs. 
2 to 26 follow the longitudinal axis of the third metacarpal. The 


lh 24 


tly at right angles across the back of the hand (ef. figs. 17 and 18). 


The heat-spots are not only less numerous than the cold-spots, but 
they respond more constantly to suitable stimuli. Most of them are so 
isolated that their position can be rediscovered without difficulty and 
recorded with certainty. Some confusion arose at first in our records, 
because we did not recognize that some of the heat-spots lay in groups. 
Thus, in the adjacent angles of the squares 26 D and E, 25 D and E, lay 
a number of spots so close together that they were difficult to separate : 
sometimes one, sometimes another member of this constellation appeared 


in our photographs. In the same way, at the angle between 23 E and 
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22 D, lay spots which were sometimes recorded as lying in the extreme 
lower corner of the one or the extreme upper corner of the other square. 
But many like 26 A and 25 B lay completely isolated. Such spots were 
rediscovered or not according to the activity of their reaction ; there was 
no doubt as to their position when once they responded to the warm 
point. 

The most striking fact revealed by our photographic records, extend- 
ing over nearly four years, is the large number of squares on the back of 
the hand from which heat-spots were uniformly absent. These squares 
remained totally insensitive to all degrees of heat, until after the return 
of sensibility to light touch. Out of the twenty-five squares, thirteen 
were completely devoid of heat-spots. 

Fig. 19 shows the position of the heat-spots within the twenty-five 
squares on the back of the hand from photographs taken between the 
years 1904 and 1907. Many of them were recognized during the period 
of returning protopathic sensibility ; but by April, 1904, twelve months 
after the’ operation, every heat-spot, with one exception, had been dis- 
covered. From this time we were unable to obtain any reaction to 
punctate heat stimuli from any part of this area in which a spot had 
not already been marked, and most of these heat-spots are easily 
demonstrable at the present time. 

When we consider that these observations extended over four years, 
and were made under varying conditions of external temperature and 
bodily health, it is remarkable with what constancy many of these spots 
reacted. 

By collating the photographs taken on eighteen occasions at the close 
of the observations, which were extended in some cases over weeks or 
even months, we obtained the following results :-— 

Of the sixteen positions shown on fig. 19, thirteen were marked 
out on ten or more of the photographic records as the site of an active 
heat-spot. Most of these are still easily discoverable, in spite of the 
return of sensibility to minor degrees of heat over the greater part of 
this area on the back of the hand. 
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It is difficult to make an analogous study of the distribution of the 
cold-spots on account of their greater number and the proportional 


increase of those of the second grade. This leads to a confusing diver- 


gr 
sity in the records. For when many cold-spots lie within each centi- 
metre square, it is less possible to be certain of their identity than when 
it contains a single constellation. If two or three heat-spots are massed 
in the corner of a square, it matters little whether one or other of the 
group reacted on a particular occasion; they form an isolated unit in a 
wide area insensitive to heat. But it matters greatly if one member of 
a group of cold-spots was marked at one time, whilst a second on 
appeared on another record. A comparatively small diversity in response 
will materially change the relative position of the marked spot to thé 
remaining groups within the same square and may make subsequent 
identification impossible. 

On three oceasions (October, 1904 ; March, 1906 ; and August, 1907), 
we not only made the usual photographic records of the spots which 
reacted at the time, but we also recorded on key-maps the site and 
characters of the various first-grade spots deduced from continuous 
observations extending over several weeks (fig. 20). 

On collating these records, sixty-eight points in all were found to be 
marked as the site of cold-spots ; of these, thirteen were present in all 
three sets of maps and photographs. But the uniformity with which 
these spots were recognized depends not only on the readiness with 
which they responded, but to some extent on their position. Two lying 
‘rade (26 A, 25 D) could 


or 
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in close proximity to heat-spots of the first 
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never be missed. Others lay in some peculiar situation which made 






their recognition unusually easy. Thus, the square 24 E contained one 






> 


spot only. But in a square such as 26 B it is obvious that several 






groups of cold-spots are present, some of which were marked at one 





time, some at another. Of these No. 3 alone could be recognized with 
















certainty in all the records. 
The average number of cold-spots within the twenty-five squares 
obtained by collating the whole series of photographic records, is fifty 


one. On the photograph taken in March, 1906, at the conclusion of a 
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Fic. 20. 


To show the position of the cold-spots within the twenty-five squares compiled from the 
records of October, 1904; March, 1906; and August, 1907. 


series of observations lasting over many weeks, the cold-spots numbered 
in all fifty-eight, of which twenty-eight were said to belong to the first 
grade. But these spots are so unevenly distributed that in most of the 


photographs seven squares contain none at all. 


a. a ee 


General fatigue plays a considerable part in the ease with which a 
sensation can be evoked from temperature-spots even over normal parts. 
After a tiring day, H. was able to mark out those of the first grade only, 
and could obtain no reaction from the many second-grade spots which 
were easily discovered after a night's rest. 
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If first-grade spots are selected for examination, it is not difficult to 
show most of the phenomena of spot-sensibility on the normal skin. 
But in our case the demonstration was greatly facilitated by the entire 
absence of any temperature sensibility apart from spots. 

The range to which heat- and cold-spots react varies considerably 
according to the temperature of the hand and to other conditions, of 
which fatigue is the most important. But at no time could we find a 
heat-spot from which any sensation could be evoked by any temperature 
below 37 ¢ 

At first, few heat-spots responded to temperatures below 45° C.; but 
as recovery progressed, the first-grade spots began to react to 40°C. 
Two spots only were sensitive to 37° C. under favourable conditions. 
Even now that part of the back of the hand which remains in a condi- 
tion of protopathic sensibility is still insensitive to temperatures below 
37° C.; the temperature. most favourable for evoking a sensation of 
uncomplicated heat. still lies between about 44° C. and 48° C. At 
50° C., a stinging is produced which complicates the purity of the 
sensation of heat by the introduction of a new element. 

We wish to warn observers against the difficulties caused by using 
too high temperatures. Over a first-grade spot, 55°C. produces first a 
sensation of heat; this is accompanied by a peculiar tingling, foreign to 
spot-sensation in its pure form. It resembles more clearly the tingling 
produced by a mild but painful interrupted current. This sensation 
increases rapidly in intensity and ultimately ousts the warm sensation 
from consciousness. Finally, an intense pain is produced, in which H. 
can recognize no element of heat. This would not be called hot but 
for the antecedent sensation of warmth and for the fact that, in 
ordinary life, this painful sensation usually arises in consequence of 
excessive heat. 

At about 50° C. the pleasant feeling-tone of spot-warmth is. still 
obvious, in spite of the presence of a tingling which contains an 
element of discomfort, scarcely to be called pain. These sensations 
are as distinct as if a hot test-tube and an interrupted current were 


i 
being 


applied together. At 52° C., this tingling rises in intensity and 
becomes decidedly painful. As soon as the temperature of the test- 
tube falls again to about 48° C., the tingling lessens and the pleasur- 
able spot-heat reasserts itself as if a covering had been removed. 

The properties of heat-spots can be investigated only by working 
with temperatures which do not evoke this accessory tingling. This 
caution, so necessary for all who work on the normal skin, is equally 
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obligatory when examining parts in a condition of protopathic sensi- 
bility. 

The highest temperature to which the cold-spots within the affected 
area reacted varied greatly. External cold, especially when associated 
with dampness and fog, greatly lowers the sensibility of the hand. No 
cold-spot reacted to temperatures above 26° C., even under the most 
favourable conditions, and few responded habitually to 25° C. 

At first, during the earlier protopathic stages, no sensation of cold 
might be evoked by temperatures above 20° C.; but with rapid increase 
of this form of sensibility, the part became increasingly sensitive to 
temperatures up to 24°C. With this gradual improvement, the first- 
grade spots responded with increasing constancy to the same range of 
temperature. 

Five years after the operation, an area between the knuckles of the 
index and middle fingers, though highly sensitive, still remains in a 
purely protopathic condition. Within its limits lie many active cold- 


spots, but not one of these reacts to temperatures above 26° C., and 


many scarcely react to 24° C. 

When an area supplied with protopathic sensibility only is stimu- 
lated by means of a cold object, a sensation is evoked which differs 
greatly from that produced over the normal skin. When first the cold 
test-tube is applied, no result is produced; the sensation of cold makes 
its appearance after a short interval and slowly increases, until at last it 
possesses a quality of freezing, to an uncomfortable degree. On contact 
with a corresponding part of the normal skin the same tube is at once 
appreciated as cold. But the unpleasant quality does not reach the 
severity of that produced over the affected area. The difference between 
the response of the two parts consists, first, in the slower development of 
the sensation on the abnormal side, and, secondly, in the greater intensity 
of its unpleasant quality. This would certainly lead an ordinary patient 
to say that the sensation was “ colder’ on the affected side. 

Not only has this sensation on a protopathic area a more unpleasant 
quality, but it is diffused over a wider extent. By stimulating a group 
of cold-spots with a drop of ether, it is possible to avoid all localization 
by way of deep sensibility. In this manner, we have obtained from a 
small group of spots the most intense sensation of cold not confined to 
the point stimulated, but affecting the greater part of the abnormal area 
on the back of the hand. This wide diffusion would also tend to make 
an unskilled observer say that the sensation produced from the proto- 
pathic area was “ colder” than that from the normal skin. 
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Stimulation of an active heat-spot produced a response that could 
not be mistaken. The sensation seemed to flash up like a bright light 
in the darkness. From January, 1905, onwards, the area on the back 
of the hand was in a perfect condition for observing the difference 
between the effect of heat applied to these spots or to parts between 
them. Several first-grade spots lay in an area of about 5 cm. by 2 cm., 
which was totally insensitive to cotton wool after the hand had been 
shaved. Here no sensation was produced by heat, unless one of these 
spots was included within the area stimulated. Moreover, to be effective, 
the temperature must have been higher than 37° C. 

But at this time the proximal part of the affected area on the back 
of the hand had already become sensitive to cotton wool and to von 
Frey's tactile hairs. Here a tube at 36 C. produced an immediate 
sensation of warmth; this gradually increased in intensity, and was 
strictly associated with the sensations of touch produced by the contact 
of the tube. Touch and warmth formed an entity, giving the impres- 
sion of a single object. 

Early in this research H. became conscious that he was frequently 
confused about the intensity of the cold of the stimulating object. A 
test-tube containing water at 20° C. would produce a sensation appar- 
ently colder than that caused by stimulating an active cold-spot with an 
ice-cold rod. 

To investigate this condition, a group of active cold-spots was 
selected within a protopathic area, and one of them was stimulated 
with an ice-cold copper rod. After an interval, the bottom of a silver 
test-tube containing water at 19° C. was placed over the group of 
spots. H. invariably thought that the tube at 19° C. was “ colder” 
than the iced rod. The two stimulations were repeated in irregulai 
sequence, care being taken that a sufficient interval was allowed to 
elapse between them. Throughout these experiments H. was unable 
to recognize by means of his tactile sensations whether he was being 
stimulated by the tube or the rod; in one case, after the tube had been 
applied, he said, “ That is a good spot,’ comparing it with the previous 
stimulation with the ice-cold rod. The test-tube in every case produced 
a far more extensive sensation, and H. said that this would certainly 
have been regarded as colder by the ordinary patient. 

Within wide limits it would seem that the number of spots stimu 
lated is of greater importance than the intensity of the cold by which 
the sensation is evoked. If the two objects are of equal avea, the 


one which is of lower temperature will produce the more extensive 
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sensation, and will therefore be called ‘“ colder.” But an ice-cold rod, 
which can stimulate one cold-spot only, will seem less cold than a tube 
containing water that is only cool to the normal skin. 

Another factor, which tells in the same direction, is the wide extent 
of the referred sensation produced by stimulating a protopathic area. 
Stimulation of a single spot with an ice-cold rod may produce coldness in 
a remote part; but excitation of a group of spots, even with a tempera- 
ture of 20° C., causes a still more extensive referred sensation of cold. 
This will usually be called “colder” than the sensation produced by 
stimulating a single spot, however intense may be the cold employed. 

Owing to the scattered position of the heat-spots on the back of 
the hand we were unable to perform the analogous experiment with any 
certainty. 

If active cold-spots are stimulated with heat, a vivid sensation of cold 
is produced, exactly resembling that caused by a cold rod. This is the 
familiar phenomenon known as “ paradox-cold,” and can be demonstrated 
on the normal skin. But, over parts in a condition of protopathic 
sensibility, this peculiar reaction can be studied with an ease impossible 
elsewhere. The scattered distribution of the heat-spots and the absence 
of all sensibility to heat in the intervening spaces makes it possible to 
find large areas where the only parts sensitive to thermal stimuli are the 
cold-spots. Stimulation of these cold-spots with the copper soldering 
iron at any temperature above about 44° C. will evoke a vivid sensa- 
tion of cold. Moreover, the sensation has the same qualities as that 
produced by the cold rod; it is widely diffused and tends to be referred 
into remote parts. If a certain group of cold-spots has a tendency to 
produce a sensation in some definite part at a distance, the paradox-cold 
will be referred to the same part. 

In common with all other observers, we have been unable to produce 
an analogous sensation of heat by stimulating the heat-spots with a cold 
object. But the experimental conditions are entirely different in the 
two cases. When the hand was in a protopathic condition large areas 
could be found sensitive to cold only; but there was no heat-spot that 
was not surrounded by a constellation of cold-spots. It was therefore 
impossible to apply cold to a heat-spot on the back of the affected hand 
without at the same time stimulating one or more of the cold-spots 
which lay so thickly around it. 

We were unable to convince ourselves that the prick of a fine needle, 


accurately thrust into the site of an active cold- or heat-spot, produced 


any thermal sensation. The same may be said of other forms of mechan- 
ical stimulation. 
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We attempted to discover whether these spots responded to electrical 
stimulation, but were greatly hampered by the difficulty that the 
electrode was in itself a cause of thermal stimulation. However, we 
overcame this source of error by using the head of a small pin which 
had been warmed to about 30° C. One pole of the coil was connected 
with the pin, the other with a large tlat electrode upon which H. rested 
the palm of his hand. A shunt-key was placed in the circuit and was 
controlled by RK. The minute testing electrode was placed over one of 
the active spots and, after we were certain that no thermal sensation 
was produced, R. opened and closed the key without H.’s knowledge. 
In no case was any true sensation of heat or cold produced. We must 
therefore conclude that these temperature-spots are insensitive equally to 
mechanical and electrical stimulation. 

In conclusion, we believe that all sensibility to heat and cold, present 
during the protopathic stage of recovery, is due to the activity of heat- 
and cold-spots. Within the twenty-five squares of 1 cm. on the back of 
H.’s affected hand, we found sixteen heat-spots and an average of fifty-one 
cold-spots. The heat-spots did not react to temperatures below 37° C. 
and we found no cold-spot that responded to a cold stimulus at a tem- 
perature above 26° C. But paradox-cold can be evoked from the cold- 
spots of the normal and protopathic skin with punctate stimuli at 
temperatures between about 45° C. and 50° C. 

Any thermal sensation produced by an adequate stimulus to a 
protopathic area tends to be widely diffused and to be referred into 
remote parts. In the attempt to estimate the relative intensity of two 
stimuli, a less cold object covering a larger area of the skin may evoke 
a more vivid sensation than one of smaller size but of lower temperature. 
H. invariably thought the former was “ colder”’ than the latter; and yet 
if the two stimuli covered approximately the same area, he could recog- 


nize which of them was at the lower temperature. 


Section 4.—Hair-Sensib tility. 


The hairs within the affected area of the forearm and hand remained 
totally insensitive to all forms of stimulation until July 20, 1903, eighty- 
six days after the operation. We then discovered that, within the upper 
patch on the forearm, lay four hairs from which a sensation was evoked 
by pulling. Ata distinct interval after the hair was pulled, H. experi- 
enced a slowly developing vague sensation which was neither definitely 


painful nor unpleasant. It died away, and recurred as a painful sensation 
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which faded, and again recurred as pain. The sensibility of these four 
hairs varied greatly ; but slow development and a tendency to recur 
were the most certain characteristics of the sensation evoked when they 
were stimulated. This mode of reaction of the hairs was the beginning 
of the gradual restitution of a certain form of sensibility 

On the forearm and over the thumb, the return of painful sensibilits 
was developed earlier and more widely to prick than to plucking the 
Over areas where few hairs were painful we found innumerable 
But there was no doubt 


hairs. 
points where prick was distinctly appreciated. 
that the upper patch on the forearm with a larger number of painful 
hairs was also more sensitive to prick than the more distal parts of the 
limb, where these hairs were less numerous. 

On October 3, 1903, 161 days after the operation, we found that the 
Three 
days later, sensibility had so greatly increased that a sensation was evoked 
So curious and abnormal 


affected area was no longer completely insensitive to cotton wool. 


by cotton wool everywhere over the forearm. 
was its character, that the borders of the original anesthetic area could 
be marked out precisely, by noting the point at which the sensation 
changed when cotton wool was dragged across the arm from normal 
to abnormal parts. 

Throughout the period during which the hairs of the forearm were 
regaining their sensibility, the skin of the back of the hand had remained 
entirely insensitive. But on December 3, 222 days after the operation, 
the thumb and adjoining portion of the first interosseous space seemed 
to be sensitive to cotton wool. Three days later (December 6), cotton 
wool produced a definite sensation over the basal and terminal phalanges 
of the thumb, and over the back of the hand this stimulus was distinctly 
appreciated in many situations, especially within the first interosseous 
space. When stimuli were repeated at intervals of a few seconds, a diffuse 
general painless tingling resulted ; if a longer pause was allowed to elapse 
between them, the general tingling died away and was slowly renewed. 
H. was then unable to say exactly at what point of time the stimulus 
had been applied which had caused this renewal of the sensation. 

Within less than a week (December 13), a few scattered hairs in the 
first interosseous space caused a painful sensation when pulled. 

This sensibility of the hairs on the back of the hand rapidly increased. 
On January 4, 1904, 254 days after the operation, no part of the affected 
area which possessed hairs failed to respond. 

This response was of the same extraordinary character as that with 


which we became familiar when testing the hairs of the forearm, and 
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consisted of a general tingling. Not only was it diffused widely, but a 
sensation was evoked which seemed to lie over parts of the affected area 
remote from the point of stimulation. For instance, when the neigh- 
bourhood of the index knuckle was gently rubbed with cotton wool, a 
tingling was produced all over the metacarpal of the thumb. Moreover, 
if the hairs were pulled, the pain which resulted was also referred to 
the same remote parts as the sensation produced by stroking with cotton 
wool. 

Here again we were face to face with the same tendency for a sensa- 
tion to be referred to remote parts as was the case when a protopathic 
area was exposed to thermal or painful stimuli. Moreover, the sen- 
sation was referred to the same situation, whether the stimulus con- 
sisted of mechanical stimulation of the hairs, the prick of a pin, a hot 
or a cold test-tube. 

Throughout the period during which the hairs of the forearm and 
hand had grown increasingly sensitive to pulling and to stimulation with 
cotton wool, the whole affected area had remained. entirely insensitive to 
the careful application of No. 5 of von Frey’s hairs. But if it was 
allowed to touch any part of the hairs which lay above the surface of 
the skin, the same diffuse tingling was produced as with any other 
mechanical stimulation. 

Now, there is no part of the normal forearm or hand where No. 5 
does not produce a sensation, if the point is placed on the windward 
side of a hair. For almost every hair is closely associated with one of 
von Frey’s touch-points. The total failure of the affected area to react 
to No. 5 showed, either that the threshold was abnormally high, or that 
the hairs had become endowed with a form of sensibility independent of 
that usually called light cutaneous touch. The latter hypothesis seems 
to be the correct one. For when normal hair-clad parts are shaved, it is 
found that the skin, at any rate of the forearm and hand, remains sensi- 
tive to cotton wool. 

But as soon as the affected area was shaved, cotton wool no longer 
produced a sensation of any kind, and the original anesthetic borders 
could be marked out as accurately as on the day after the operation. 
The peculiar reaction we have described is therefore associated solely 
with the innervation of the hairs. 

Fortunately, a small portion of the hairless skin of the thenar 
eminence was included within the anesthetic area. In spite of the 
universal development of this tingling reaction to cotton wool over the 
hair-clad parts of the affected skin, this portion of the thenar eminence 
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remained throughout the whole of this period insensitive to cotton wool 
and to von Frey’s tactile hairs. When cotton wool was applied in such a 


way that it was distinctly appreciated over the normal parts of the thenar 


eminence, all sensation was lost in the neighbourhood of the boundary 
of the affected area. On moving the cotton wool further in the radial 
direction, the typical tingling sensation was evoked and the cotton wool 
Was again appreciated, but in a new way. This was particularly well 
seen in the region of the head of the metacarpal of the thumb, where 
some long hairs tend to lie athwart the axis of the bone. As soon as 
the tips of these hairs were reached, H. called out, “ Hair stimulation.” 
He said, ‘I recognize the extreme difference between the two condi- 
tions. The skin of the normal thenar eminence gives rise to a sensa- 
tion different from that produced by stimulating normal hair-clad parts. 
During the observations described above, this sensation ceased entirely 
for considerable periods’ (these coincided with the stimulation by R. 
of the hairless insensitive portion of the thenar eminence). ‘ Suddenly 
an entirely new sensation made its appearance which I have learnt to 
associate with the stimulation of hairs within the affected area. This is 
characterized by a diffuse tingling, and by extraordinary reference to 
parts at a distance.” 

The part of the skin of the hand which lies between the knuckle of 
the index and middle fingers still remains in a condition of protopathic 
sensibility. So long as the hairs are intact, cotton wool causes an un- 
usually intense tingling sensation, but as soon as the part is shaved it 
becomes entirely insensitive to cotton wool. Whether the hairs are 
intact or not, careful stimulation with von Frey’s No. 5 fails entirely to 
elicit any sensation; and yet, before the operation, there were many 
spots in this situation which reacted to this stimulus. 

In conclusion, we find that the period of recovery associated with the 
existence of protopathic sensibility brings to the hairs a capacity for 
reacting to mechanical stimulation. But the resulting sensation is 
tingling and diffused, and tends to be referred to parts remote from 
the point stimulated. Moreover, the return of this form of sensibility 
does not bring to the skin after shaving any power of reacting to 
stimulation with cotton wool or von Frey’s No. 5. 


Section 5.—The Sensibility of the Glans penis. 


At an early stage in our observations on the consequences of injury 
to peripheral nerves, we began to search the body to see if perhaps some 
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part of the normal skin might exhibit protopathic characters. For if a 
pr itopathic response is associated with a more primitive form of sensi- 
bility, it was always possible that some area might have remained 
normally in this condition. We then discovered that the glans penis 
responded to cutaneous stimuli in that peculiar manner with which we 
were already familiar from our study of the first stage of recovery after 
nerve division. 

On turning to von Frey’s account of the glans penis ({9} p. 175) we 
found a brilliant description of a part endowed with protopathic and 
deep sensibility only. We can add nothing material to this remark- 
ible description, but shall attempt to show how exactly in the case 
of H. the response of this organ to cutaneous stimuli corresponds to 
that of the highly protopathic area, which remains on the back of 
his hand. 

The protected position of the glans hidden away under the foreskin 
has no fundamental bearing on the nature of its response. Observations 
on H. exactly corresponded with those obtained from another subject 
who had been circumcised many years ago. 

The glans is entirely insensitive to stimulation with cotton wool and 
with the tactile hairs. This is expressed by von Frey in the statement 
that the threshold for mechanical stimulation has a high value; he 
continues: “Es stellte sich dabei heraus dass die hohe Reizschwelle 
bedingt ist durch das Fehlen der Druckpuncte. Der seinerzeit bestimmte 
Schwellenwerth ist die Schmerzschwelle.”’ 

As soon as hairs of greater bending strain, the so-called “ pain-hairs,” 
are used, the glans is found to be sensitive to from 70 to 90 grm./mm.’. 
This produces a characteristic diffuse boring or stinging pain much 
more unpleasant than over the skin of the penis or foreskin; von Frey 
specially remarks that the pain is of a different character from that over 
the normal skin. 

The abnormal behaviour of the glans to painful cutaneous stimuli is 
well shown by means of the algesimeter. When the needle was brought 
into contact with the skin, such as that of the body of the penis, H. was 
at once conscious that he was being touched with a pointed object. At 
a variable pressure of from 20° upwards, the sensation became one of 
pain. But when the instrument was applied to the glans no sensa- 
tion was produced until it registered over 20°. Then, if a sensitive spot 
had been chosen, pain appeared and was so excessively unpleasant 
that H. cried out and started away. This pain was not localized, but 
radiated widely and seemed to be situated in the urethra as well as in 
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the glans. If the point impinged on a less sensitive spot, pain might 
not be caused until the instrument registered 40°. In this case a 
distinct sensation of deep touch appeared at about 30°, which merged 
gradually into the characteristic diffuse pain as the pressure was 
increased. 

In the same way, an interrupted current almost painless on the 
normal skin causes an aching, tingling sensation over the glans 
which is extremely unpleasant. The characteristic “ whirring” sen- 
sation is absent and is replaced by a slowly increasing diffused pain. 

The most remarkable peculiarities are shown in the behaviour of the 
glans to heat and cold. In the case of H., there appear to be no heat- 
spots except in the neighbourhood of the corona; the body and tip of 
the glans are entirely insensitive to heat. But cold-spots abound and 
paradox-cold can be as easily evoked as from the protopathic hand 

We therefore made a number of observations in the following 
manner. The foreskin was drawn back, and the penis allowed to hang 
downwards. A number of drinking glasses were prepared containing 
water at different temperatures. H. stood with his eyes closed, and R. 
gradually approached one of the glasses until the surface of the water 
covered the glans but did not touch the foreskin. Contact with the 
fluid was not appreciated ; if, therefore, the temperature of the water 
was such that it did not produce a sensation of heat or cold, H. was 
unaware that anything had been done. 

From 0° C. to 21° C. a sensation of cold was always produced which 
seemed “colder” than over the skin of the penis. Between 21° C. and 
26° C. the answers were not uniform ; sometimes the water was said to 
be cool, sometimes H. did not recognize that he had been stimulated. 
Above this temperature he uniformly failed to respond, although 27°5° C. 
seemed cool as soon as the water reached the foreskin. 

With warm water at temperatures below 38° C., no sensation of any 
kind was produced until the foreskin was reached. At 38° C. H. com- 
plained of a slight aching, which increased in intensity until at about 
43° C. it became extremely painful. At 45° C. the sensation was usually 
said to be cold. This is that paradox-cold, so frequent a phenomenon 
over the protopathic area on the back of the hand. 

But if the glass was carefully raised, so that the water reached the 
neighbourhood of the corona without stimulating the frenulum or the 
foreskin, the same temperature was called pleasant heat. In the case of 
the other subject, heat-spots are present in the neighbourhood of the 
meatus, and temperatures above 40° C. were uniformly said to be warm. 
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So intense and widespread may be the sensation of cold or of heat, 
that von Frey speaks of the corona and neck of the glans as the most 
sensitive parts of the be dy to temperature. But these parts do not react 
to temperatures between 26° C. and 37° C. The threshold, judged by 
the range of reaction, is obviously raised, but judged by the intensity of 
the response, the part would be called one of increased sensibility to heat 
and cold. This is exactly the condition with which we are familiar, from 
our observations on the affected hand. The surface of the glans penis 
is a region highly endowed with protopathic sensibility. 

But, in addition, the glans seems to have many of the characters of a 
part innervated from the deep system. If the needle of the algesimeter 
is replaced by a small piece of cork, no sensation is produced, until the 
instrument registers between 30° and 40°. This pressure, however, 
causes a distinct sensation of touch, which is usually well localized. As 
soon as the cork is withdrawn and the sharp needle substituted, pain 
is produced by this pressure, and the point of application cannot be 
localized with any approach to accuracy. We became familiar with this 
phenomenon when protopathic sensibility returned to the back of the 
hand already innervated from the deep system of afferent nerves. But 
the localization of tactile pressure on the glans is not of such a high 
order as over the hand endowed with deep sensibility only. 

Another feature in which the glans resembles a part endowed with 
deep and protopathic sensibility is the absence of any appreciation of the 
relative size of the stimulating object. H. could not distinguish from 
one another a point, a rod with a circular base 2 mm. across, and one 
of 2 cm. diameter. But, as soon as they were applied with different 
pressures, whatever the size of the object, the greatest pressure was at 
once recognized. During the first of these observations, H. noted that 
he had experienced no pressure sensations so clear and definite since the 
days when the hand was innervated from the deep afferent fibres only. 
The definiteness of these sensations arose from the fact that they were 
uncomplicate d by any accessory tactile phenomena. 

In conclusion, we believe that the glans penis is an organ endowed 
with protopathic and deep sensibility only. It is not sensitive to 
cutaneous tactile stimuli, but pressure is correctly appreciated and 
localized with fair accuracy. Sensations of pain evoked by cutaneous 
stimulation are diffuse and more unpleasant than over normal parts. 
Sensibility to heat and cold is dependent entirely on the presence of 
heat- and cold-spots. If the former are absent from any part of the glans, 
temperatures of 45° C. produce a sensation of cold, indistinguishable 
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from that caused by stimulation with a cold object. In every case 
the reaction appears to be more vivid than over normal parts, and vet 
the glans is entirely insensitive to temperatures between 26 C. and 37 C. 


CHAPTER V.—EPICRITIC SENSIBILITY. 


Section 1.—Tactile Sensibility. 


Throughout the first year after the operation, the sensibility of the 
affected area to protopathic stimuli steadily increased, the response to a 
prick became more uniform, and the heat- and cold-spots more numerous. 
But it was not until 365 days after the operation (April 24, 1904), that 
the proximal part of the forearm first became sensitive to cotton wool 
when shaved. Nearly a fortnight before (April 17, 1904), we had dis- 
covered six spots within this area which responded to No. 5 of 
von Frey’s hairs, even when care was taken to avoid contact with the 
projecting stumps of the hairs. 

From this date, the forearm became increasingly sensitive to all 
cutaneous tactile stimuli, Step by step with this change, the tingling 
and referred sensations gradually diminished, until it was no longet 
possible to mark out with certainty the borders of the affected area on 
the forearm by means of cotton wool. 

This disappearance of the tendency to refer into remote parts was 
the most striking sign of returning sensibility to tactile cutaneous 
stimuli. When the sensory condition of the forearm went back during 
the winter of 1904-5, this phenomenon reappeared as clearly as before. 
During every subsequent summer the sensibility improved, and every 
winter it tended to fall back somewhat. But at the end of four years 
after the operation, sensation had so completely returned to the forearm 
that it was no longer possible, even during the following winter, to 
discover any material abnormality in this part of the affected area. 
Brushing the hairs with cotton wool no longer caused a diffuse tingling 
and this stimulus was appreciated, even when the forearm was carefully 
shaved. Moreover, within the whole area, a multitude of points re- 
sponded even to No. 3. 

Owing to the detailed nature of our previous observations, we were 
able to watch the consequences of returning sensation on the back of the 
hand with greater minuteness. Here the first signs of sensibility to 
cotton wool after shaving appeared 567 days after the operation (No- 
vember 12, 1904), in the neighbourhood of the radial aspect of the 
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carpus and the proximal portion of the metacarpal of the thumb; these 
parts still remained insensitive to No. 5 (fig. 13). But though this 
response to cutaneous tactile stimuli was very defective, reference was 
profoundly inhibited. The sensation evoked was diffuse, but it was 
no longer situated in some remote part. 

With the coming of the winter cold (December, 1904), the greater 
part of the recovering area on the hand again became insensitive to 
cotton wool after shaving, and the referred sensations were as definite 
as before. 

It was not until March 26, 1905, that the small patch which had 
remained sensitive to tactile cutaneous stimuli, began to extend rapidly 
again in the direction of the thumb and first interosseous space. Over 
almost the whole of these parts, No. 5 was now appreciated. Steady 
improvement took place throughout the summer, and even the hairless 
portion of the thenar eminence which lay within the limits of the 
affected area became sensitive to tactile cutaneous stimuli. 

Accurate localization of touches with cotton wool now became pos- 
sible over the greater part of the back of the hand and the dorsal aspect 
of the thumb. ‘Tingling and referred sensations ceased, except over the 
distal part of the affected area, which has not even now, five years afte) 
the operation, become sensitive to cotton wool after shaving (fig. 14). 

At the present time, the back of the hand still presents two parts in 
different states of sensibility. The proximal part responds to cotton wool 
when shaved, to No. 5 and occasionally to No. 4 of the tactile hairs. 
This includes the basal phalanx of the thumb. The more distal portions 
of the affected area remain in a purely protopathic condition, entirely 
insensitive to cutaneous tactile stimuli (fig. 14). 

In association with this gradual return of cutaneous tactile sensibility, 


‘ 


H. regained the power of appreciating the “ pointedness ” of a needle o1 
pin. Over normal parts of the hand, it is almost impossible to touch the 
skin with a sharp point, such as that of the algesimeter, without pro- 
ducing a sensation which betrays its pointed nature. This sensation is 
not painful, but conveys the impression that the stimulating object is 
sharp. It was totally absent from all parts in the purely protopathic 
condition. Even at the present time, the highly sensitive protopathic 
portion of the back of the hand is incapable of responding to the algesi- 
meter, until it registers 30 or more degrees, and hairs of from 50 to 
70 grm./mm.” evoke sensation of pressure only. 

This power of recognizing the sharpness of a stimulating object, 
underlying the discrimination of the head from the point of a pin, 
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is a function of the appreciation of relative size. It is restored to the 
affected skin together with the sensation of cutaneous touch and other 
functions of epicritic sensibility. 

Thus, when a part previously in a condition of protopathic sensibility 
begins to respond to cotton wool after careful shaving, the diffuse tingling 
diminishes, the sensation is no longer referred to remote parts, and correct 
localization becomes possible. At the same time, the power of distin- 
guishing the point from the head of the pin and the appreciation: of 


relative size are gradually restored. 


Section 2.—Thermal Sensibility. 


Returning sensibility of the skin to tactile stimuli was associated with 
a profound change in the response to heat and cold. Temperatures to 
which the protopathic parts were insensitive now evoked a sensation, 
and both radiation and reference of heat and cold ultimately disappeared 
entirely. 

These changes could best be studied over the back of the hand; for 
during the eighteen months which preceded the first signs of returning 
epicritic sensibility, we had become familiar with the position of all the 
principal heat- and cold-spots within this part of the affected area. We 
shall therefore begin our account of the effect produced by the return of 
epicritic sensibility with a description of the thermal reactions on the 
hand, dealing Jater with the similar changes which occurred in the fore- 
arm at an earlier date. 

Before the skin in the neighbourhood of the wrist had become sensi- 
tive to cotton wool, we noticed that temperatures of 36°C. or even 34° C. 
occasionally caused a sensation of warmth (October 23, 1904). This differed 
materially from the response obtained by stimulating heat-spots; it was 
well localized and seemed to develop in close association with the touch 
of the stimulating object. Moreover, it was evoked from parts where no 
heat-spots had ever been discovered. By November 12, 1904, tempera- 
tures of 36° C. produced an undoubted sensation of warmth over an area 
which included the site of the most sensitive group of heat-spots on 
the hand. But we found that, although the parts around now responded 
to 36° C., the spots themselves still failed to react to any temperature 
below 38° C. 

The results obtained by stimulating this area with low tempera- 
tures were less striking, but seemed to point to the conclusion that 
an analogous change was taking place in the sensibility of the hand to 
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cold. Temperatures of 26°5° C. and 25°5° C. were said to be cool in the 
neighbourhood of the wrist, although no other part of the affected area 
reacted at that time to anything above 24° C. 

It was plain that certain parts of the back of the hand, especially in 
the neighbourhood of the wrist and over the metacarpal of the thumb, 
had become sensitive to temperatures, to which the remainder of the 
affected area, endowed with heat- and cold-spots only, did not respond. 
It was these same parts which about this time became sensitive to cotton 
wool when shaved. 

Throughout the winter, the hand made little further progress towards 
recovery, and at one time seemed to fall back into an earlier condition. 
But, whenever the days were bright and the temperature more favour- 
able, we were able to confirm the return of sensibility to temperatures 
between 33° C. and 37° C. 

During this period, the hand was in an excellent condition for 
observing the difference between the sensations produced from a part 
innervated by heat-spots only and those due to stimulation of the re- 
covering area with temperatures to which not even the most sensitive 
heat-spot reacted. 

Over the centre of the back of the hand (26 and 25 B), lay a group 
of unusually active spots, within an area which did not otherwise respond 
to heat ; here the skin was anesthetic to cotton wool when shaved and 
to von Frey’s tactile hairs. No temperature below 38° C. produced any 
sensation of heat, and higher degrees caused the characteristic response, 
radiating widely and referred to some remote part. 

But, over the proximal portion of the first interosseous space and the 
head of the metacarpal of the thumb, lay an area sensitive to cutaneous 
tactile stimuli. Here 36° C. uniformly produced a sensation of warmth 
which was strictly associated with those of touch and pressure. Touch, 
pressure and warmth formed an entity, giving the impression of a single 
object. With higher temperatures such as 40° C. capable of stimu- 
lating the heat-spots in this region, this sensation of warmth merged 
gradually into pleasurable spot-heat. But this differed greatly from 
the response obtained on stimulating heat-spots over parts that had 
not entered on the final stage of fecovery; for it was no longer re- 
ferred to some remote part, but was closely associated with the other 
local sensations. The coming of the new reaction to warmth had not 
only increased the range of the sensitiveness of the skin to thermal 
stimuli, but had inhibited the tendency to refer into remote parts. 

This part of the hand not only recovered its sensibility to less 
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intense degrees of heat, but when the weather was favourable, tem- 
peratures of 27° C. began to be appreciated as cool. Throughout the 
greater part of the period of this experiment, the external temperature 
was seldom above 20° C., and the hand was always adapted to cold 
to a varying degree. But during the summer, especially of 1906, we 
made several observations which showed that the proximal part of the 
affected area on the hand responded to temperatures such as 27° C., to 
which the cold-spots never reacted. 

This increased sensitiveness to thermal stimuli was not associated 
with any increase in the number of the heat- and cold-spots. In fact, it 
became evident with the return of sensibility to cutaneous tactile stimuli 
that many of the cold-spots were less easily marked out than before. 
During the purely protopathic stage of recovery, no sensibility to heat 
and cold existed, except in the position of the spots. They were 
therefore easier to mark out than when the intervening portions of 
the skin had become sensitive to the intermediate degrees of tem- 
perature. 

But, apart from this technical difficulty, it seemed as if the increased 
sensibility diminished the activity of the temperature-spots. First-grade 
spots could be discovered as easily as before, although they no longer 
produced a widespread referred sensation; but those of the second 
grade were less numerous over the proximal squares on the hand 
than before this part responded to minor degrees of heat and cold. 
This was not due to any general change in the condition of the back 
of the hand, for the temperature-spots in the distal squares showed no 
diminution. 

The diminished vividness of reaction, the increased range of sensi- 
bility and the inhibition of reference into remote parts were not due to 
an increase of the sensibility which had previously been present, but to 
the advent of a new sensory factor. This was proved by the experiment 
first made in May, 1905, of cooling the hand. We found that the 
mechanism upon which this new form of response depended was 
peculiarly susceptible to external cold. 

After an extended series of observations, we placed the palm of the 
hand upon ice for a few minutes. It was then withdrawn and laid upon 
a towel as usual, and those parts from which no referred sensations had 
been obtained were again tested with an ice-cold tube. In every case, a 
sensation was evoked in some remote part as vivid and distinct as in 
the days before the hand became sensitive to intermediate degrees of 
temperature. External cold had thrown back the recovering area into a 
protopathic condition. 
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Before cooling the hand. After cooling the hand. 
(5) Loeal cold. All over interosseous space. 
(10) Loeal cold. Up the arm to the sear. 
(3) Loeal cold. Head of first metacarpal and base of 


first phalanx of thumb, 
(9) A diffuse sensation around the Metacarpal of thumb. 
spot touched. 
The numbers represent the part to which the stimulus was applied, as 


shown on fig. 21, p. 414.) 


By again warming the hand, the previous condition could be 
revived; reference disappeared from this part of the affected area 
which regained its sensibility to intermediate degrees of temperature. 
Further experiments on these lines will be described in chapter VII. 

The affected area on the forearm first began to respond to tempera- 
tures between 37 C. and 34° C. in June, 1904. The sensation produced 
was not referred to some distant part, but was that of warmth localized 
to the point stimulated. At the same time, that portion of the forearm 
which had become increasingly sensitive no longer responded so vividly 
to temperatures below 22°C. Stimulation with 20° C. was frequently 
said to be neutral over the proximal patch, although definitely cold over 
the distal part of the forearm. 

As the general sensibility of the forearm increased, spreading slowly 
in a distal direction, the response to temperatures between 18° C. and 
10° C. became very erratic. A stage was reached in which the proto- 
pathic hand gave more definite results and would have been considered 
more sensitive than the forearm which had already advanced another 
stage to recovery. This was due to the diminished ease with which the 
full reaction could be evoked from the cold-spots, inhibited by the newly 
developed sensory function. 

This disturbing uncertainty slowly passed away and the whole of 
the affected area on the forearm has become uniformly sensitive to 
temperatures above 35° C.; even 33° C., under favourable conditions, 
produces a sensation of warmth. 

In conclusion, we found that the return of sensibility to cutaneous 
tactile stimuli was associated with a tendency to respond to tempera- 
tures between 26° C. and 37°C. This increase in thermal sensibility 
was not accompanied by an increase in number of the heat- and cold- 
spots. Radiation and reference into remote parts steadily diminished, 
and the sensations excited by a hot or cold object became closely associa- 
ated with those produced by contact at the point of stimulation. During 
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the recovery of epicritic thermal sensibility, the hand could be degraded 
by cooling into a purely protopathic condition; radiation and reference 


returned as vividly as before, to disappear on again warming the hand. 


Section 3.—The Compass-Te st. 


Tactile discrimination was absent throughout the stage when the 
affected area of the forearm and hand was innervated by deep sensi- 
bility only. Two points applied simultaneously were not distinguished, 
and every application of the compasses was said to produce a single 
sensation. H. showed no tendency to speak of the contact of a single 
point as ‘ two.” 

With the return of protopathic sensibility, the compass-records 
became extremely irregular; not only were two points said to be one, 
but one point was as frequently thought to be two. Over the normal 
skin, this tendency to ‘ double ones” commonly appears just before the 
threshold is reached and a slight increase in the distance between the 


two points will produce a record entirely free from mistakes. But in 


the protopathic stage, however highly the skin is endowed with this 


form of sensibility, uncontrolled by epicritic impulses, the single point 
frequently produced a double sensation even although the double stimuli 
were made with the points 10 cm. apart. 

At a later period of recovery, when part of the affected area had 
become sensitive to cutaneous tactile stimuli, this doubling of the single 
point rendered all attempts to obtain an accurate threshold impossible. 
We were, however, able to show that it was peculiarly liable to occur, 
when one point of the compasses fell over distal parts of the limb, 
which were in a less advanced stage of recovery. Thus, in the forearm 
better records were obtained when the single point was applied in the 
upper patch than in the lower (distal), although the double stimulations 
were always made over the same spots. 

This phenomenon of “double ones,” as it oceurred during H.'s recovery, 
seemed to be based on several different conditions. Stimulation with a 
single point sometimes produced two equally distinct tactile sensations, 
or one was more distinct than the other. Lastly, the sensation was 
occasionally of wide longitudinal extent, and so gave the impression that 
it was caused by two points at a distance from one another. 

At the same time, stimulation with two points was sometimes called 
‘one,’ because it produced a single tactile sensation with no abnormal 
quality ; or the sensation was that of one point which seemed abnormally 
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heavy. This was extremely puzzling, because its singleness compelled 
H. to call it “‘ one,” although the additional heaviness led him to think 
that it must have been produced by two points. 

These abnormalities seem to be due for the most part to the radia- 
tion and reference so characteristic of protopathic sensibility. In the 
case of the hand, where one part still remains in a protopathic condition, 
the records are still bad in proportion as one point of the compasses 
falls within the limits of this area. Moreover, on those occasions when 
the sensibility of the skin fell back into an_active protopathic state, in 
consequence of unfavourable external conditions, the records even at 
8 cm. became almost worthless. 

In spite, however, of the difficulty caused by these “double ones,” 
we could watch the gradual return of epicritic sensibility in the lower- 
ing of the threshold at which one and two points produced an in- 
distinguishable sensation. In November, 1903, when the forearm was 
still in a purely protopathic condition, this limit was reached at 6 cm. 
Together with the return of sensibility to warmth in June, 1904, a 
change for the better in this respect came over the compass-records, and 
in August of the same year, the threshold at which the compass-stimuli 
became indistinguishable had sunk to 5 cm. Finally, in June, 1905, 
a formula was obtained 


bom, U2 R-1W. 
Cm. J79OR.1W. 


—almost comparable with that from a similar part of the normal forearm— 


dem, 1/9 R1W. 
°2/)10R. 

But, although the threshold at which the stimuli of the compasses 
became indistinguishable was greatly lowered, every application of the 
test even at distances of 8 or 9 cm. produced records containing an 
unusual number of errors, both in the recognition of one and of two 
points. Over the normal forearm, no mistakes were made, until with- 
in about 2 cm. of the distance at which every stimulus was called “one.” 
3ut over the abnormal area, even when it had been sensitive for more 
than three years to cutaneous tactile stimuli and to warmth below 37° C., 
a large number of single compass-stimulations were thought to be double. 
For instance, on August 25, 1907, we obtained the following formule :— 


Affected forearm, Normal forearm. 


; 1| 7R.3W. 1/10R. 
6 cm. s7j0R. 2 i0R. 
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Affected forearm. Normal forearm. 
6 R. 4 W. 1 9R. 1 W. 


., 1 
9 CM. 9770 RK, 2; 9R.1 W. 





1/10R. 1|10R. 
4 cm. 37 SRT. T/10W. 

In conclusion, we believe that spacial discrimination, as tested by the 
simultaneous application of two compass-points, is a function of epicritic 
sensibility. A protopathic condition of the skin leads to intense con- 
fusion, in consequence mainly of radiation and reference. The first 
effect on the compass-records of the return of epicritic sensibility is the 
reduction of the distance at which one and two compass-points produce 


a similar sensation. Then the erroneous “ double ones” are gradually 
reduced in number. But, even at the end of five years after the opera- 
tion, many errors of this kind were still present when the compasses are 
applied, even at a distance of 8 cm. over the abnormal area of the 


forearm. 


Section 4.—The Sensibility of the Triangle. 


A month after the operation, we discovered that a small triangular 
portion of the affected area near the wrist was in a remarkable condition, 
insensitive to a prick but responding to cutaneous tactile stimuli. We 
failed to recognize its existence until May 25, 1903, partly because its 
sensibility was defective even to those stimuli to which it responded, but 
principally owing to the condition of the skin produced by the anti- 
septics. As soon, however, as all bandages were removed and the forearm 
thoroughly cleansed of the epithelial flakes, the remarkable condition of 
this part of the forearm became evident. 

From the first, there was no doubt concerning the main sensory 
characters of this area. It had the form roughly of a _ right-angled 
triangle with the base (3 cm.) towards the hand and the hypotenuse 
(4°5 cm.) on the extensor aspect of the wrist. The third side measured 
about 4 cm. in length (fig. 5). 

Like all the rest of the affected area, it was obviously endowed with 
deep sensibility. Tactile pressure was appreciated and well localized. 
The sense of roughness, measured by Graham Brown's esthesiometer, 
was equal to that of a similar area on the sound wrist. 

But, unlike any other part within the borders of the loss of sensation, 
the skin was undoubtedly sensitive to cutaneous tactile stimuli; No. 5 of 
von Frey’s hairs and, to a Jess extent, No. 4, were appreciated. Cotton 











































a) 


a 


es 








«> 


a 
>. 


—EE w ee eR MTN Foe Ren cine os an mee we 


a i a PA IIE ITI 6 


\ HUMAN EXPERIMENT IN NERVE DIVISION 401 


wool produced a sensation indistinguishable from that over the normal 
skin, unaccompanied by tingling, diffusion or reference into remote parts. 
Gently blowing on the hairs through a tube was at once appreciated. 
Within this area, from the day of its discovery, the point could always 
be distinguished with certainty from the head of a pin, although the 
skin was entirely insensitive to cutaneous painful stimuli. Localization, 
not only of pressure but also of cutaneous tactile stimuli, was as good as 
on a similar part of the normal forearm. 

The remarkable feature of this area was the complete absence of all 
sensibility to cutaneous painful stimuli. <A prick produced no sensation 


of pain, although the stimulus was recognized as a point. Pulling the 


1g 
hairs, so sensitive to the slightest movement, caused no pain. 

The anomalous condition could best be demonstrated by electrical 
stimulation. Strong interrupted currents unbearably painful over the 
normal skin produced the characteristic whirring sensation devoid of any 
element of pain. But if the coils were separated so that the current 
Was just appreciated, the threshold was only slightly higher over the 
triangle than over the corresponding area on the normal skin. (Coil 
distance, normal 2°5 cm., triangle 4°5 cm.) 

Thus, although this area responded to tactile stimuli, its sensibility 
was less than normal. Although No. 5 produced a distinct sensation 
within the triangle, No. 4 was frequently not appreciated; but over the 
normal wrist many spots responded, even to No. 2. A similar slight 
diminution of sensibility was shown in the results of the compass-test. 
Over the normal wrist, when the points were separated to 3 cm., H. 
made no mistakes in the twenty applications, and the threshold lay 
between 3 cm. and 2 ecm. But, over the triangle under similar con- 
ditions, four mistakes were made at this distance :-— 


2/8R 


W 
2 W 


wae! bas 


3 cm. : 

When we turn to the observations on the thermal sensibility of this 
triangle, we are face to face with many difficulties. Our earlier experi- 
ments were made with ordinary test-tubes of glass, and it was not until 
August 15, when the sensory condition had materially changed, that we 
used silver tubes. Again, it was difficult to prevent radiation to normal 
parts when testing an area of this size. Moreover, we were not at this 
time fully alive to the importance of the external temperature ; we did 
not recognize that in the climate of this country the hands are usually 
adapted to cold. 

But, in spite of these defects, we can say with certainty that the 
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triangle remained insensitive to all temperatures below 22° C., until the 
appearance of the first cold-spot (October 15, 1903). Careful and 
repeated examination with the cold rods and with test-tubes containing 
ice failed to elicit any sensation of cold from any part of this area. 

Similarly, we could discover no signs of heat-spots until November 9, 
1903. But one of the most remarkable features of this area was its 
response to heat, applied not to points but to areas of 1 or more 
centimetres in diameter. Temperatures of from about 42° C. to 48°C. 
were at once said to be warm. But if the tube was at 50° C. or above, 
it was either called a touch or was said to be slightly warm, passing 
quickly into neutral. Had the warmth, appreciated when the stimulus 
was at 42° C., been due to radiation, a tube at 50° C. or above would 
have produced it with even greater certainty. Time after time the 
relative temperature of two tubes at 44°C. and at 55°C. were compared, 
when the former was invariably said to be the hotter of the two. 

So far the results of our observations are definite. But one of the 
greatest difficulties was the tendency which H. showed to call cold 
stimuli “warm ” within the limits of the triangle. Whenever a thermal 
sensation was produced at all, it was one of warmth; some of the 
most satisfactory warm sensations were evoked by an ice-cold tube and 
yet, at this time, temperatures of 50° C. and above were not appreciated. 
Even in the later days, when the triangle had become sensitive to prick, 
these higher temperatures evoked a sensation of pain only. 

The first change which occurred in the sensibility of this area was on 
July 10, 1903, seventy-six days after the operation; it then became 
sensitive to painful cutaneous stimuli, such as a prick and the painful 
interrupted current. But it did not respond with a sensation of cold 
to temperatures below 22 C. until October 15, 1903, 173 days after 
the operation, when the first cold-spot was discovered within its limits. 
The cold test-tube laid on the skin elsewhere within the triangle caused 
no sensation of cold. On November 9, 1903, 198 days after the opera- 
tion, the first heat-spots made their appearance, and from that time 
onwards the return of sensibility took place rapidly. 

But throughout the whole of this period, the sensations which 
returned were not diffused or referred into remote parts. They were 
not more but less vivid than normal and in no way resembled those 
evoked from the greater part of the forearm and hand which had 
assumed the protopathic condition. 

Here, owing to a fortunate anatomical peculiarity, the operation had 
produced on a small area of skin a condition of dissociated sensibility 
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which was the converse of that of the protopathic parts. It was 
sensitive to cutaneous tactile stimuli, but insensitive to those which 
would normally produce pain. Cold was not recognized, and tempera- 
tures above 50° C. were not appreciated; yet 42° C. to 49° C. seemed 
to produce a sensation of warmth, and were always said to be hotter 
than those of 50° C. and above. 


. 


CHAPTER VI.—TrRopHic, VASOMOTOR, AND PILOMOTOR CHANGES. 


Section 1.—Vasomotor and Trophic Disturbances of the Skin. 


Changes in the nutrition and vascular supply of the part are among 
the usual consequences of dividing peripheral nerves. But if the injury 
is accidental, motor and sensory fibres are commonly destroyed together 
and much of the atrophy is due to the paralysis of the muscles. Even 
changes in the growth of the nails may be produced by the consequent 
immobility of the limb (Head and Sherren [17], p. 263). 

But in our experiment all these sources of error were eliminated. 
Afferent nerves were alone divided, and during the period when the arm 
was immobilized on a splint, H. could move his fingers freely. 

Care had been taken during the operation to protect the back of the 
hand from mechanical injury and irritation by antiseptics. But four 
days afterwards (April 29), the analgesic portion began to assume a 
somewhat swollen appearance. The surface was rough and the skin 
appeared white owing to the adherence of epithelial scales; with a 
magnifying glass it had a peculiar translucent appearance. A week later 
the skin over the radial half of the back of the hand and dorsal sur- 
face of the thumb had become inelastic and wrinkled like that of an 
old man. This want of elasticity produced a sensation as if the back 
of the thumb were covered with collodion. But in addition the super- 
ficial layers of epithelium had formed minute bran-like scales; the 
affected portion was drier than the normal skin and the cracks more 
evident. The whole area was of a slightly deeper red than the rest of 
the skin of the hand, and therefore showed clearly on the photograph 
taken at this time (fig. 1). The hairs were disordered and did not lie 
in sweeping masses; they stood up or lay in an irregular manner, each 
hair assuming a different direction. The extent of these changes 
corresponded exactly with the area insensitive to prick. 

The insensitive parts did not sweat, and in the hot weather of July, 
1903, the difference between the normal and affected portion of the 
hand was striking. The normal skin was soft, moist and velvety, whilst 
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the abnormal area was dry and inelastic. If a needle was dragged 
across the back of the hand, the white marks produced by the scratch 
disappeared rapidly from the normal skin; over the affected portion they 
remained sometimes for several days as white powdery lines. Midge- 
bites, which occurred five days before, were still evident as pinkish round 
swellings, although those on the rest of the hand were no longer visible. 

This dryness and absence of sweating began to disappear from the 
proximal part of the affected area 112 days after the operation, and they 
were no longer present over the forearm after 136 days. But the skin 
of the hand remained in an abnormal condition and did not cease to be 
dry until about 189 days after the operation (November 1, 1903). With 
this return of sweating, the hand lost the peculiar bluish colour which 
had characterized it throughout the first five months of the experiment 
(October 6, 1903). 

Evidently the vaso-constrictor fibres and those which govern the 
sweating of the skin began to function 107 days after the operation and 
had regained their function even over the hand within 190 days. 

In spite of these changes in the skin, the operation in no way affected 
the growth of the thumb-nail. Before the operation, the nails of both 
thumbs were marked with nitric acid and were found to be growing 
equally. Afterwards, they continued to grow equally, even when the 
affected area was supplied with deep sensibility only and throughout the 
whole period of protopathic recovery. The actual amount of growth 
varied considerably at different seasons of the year, but this variation 
affected the nails of both hands to the same extent. 

In July, 1903, as the sequel to an extensive series of observations on 
the sensibility of the frozen hand, we noticed that a sore had appeared 
in the centre of the affected area, evidently the consequence of a cold 
burn produced by ethyl chloride. It seemed to start as a vesicle which 
had contained a minute quantity of fluid; the surface of this blister 
was removed in the course of washing and a raw surface was ex- 
posed. If protected, this sore tended to heal, but broke down again 
in consequence of the small injuries of ordinary life. Thus, any act 
which tightened the skin, such as grasping an oar or the handle-bar 
of a bicycle, opened the sore again after it had formed a scab. By 
taking the skin between the finger and thumb, serum and even blood 
could be expressed from its edges. 

In this condition the sore remained until 152 days after the opera- 
tion (September 24, 1903). It then showed signs of healing and became 


dry and scaly. From the periphery, epithelium appeared to be growing 
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in. Speaking broadly, the surface which a fortnight before appeared 
callous and unlikely to heal was now healing soundly and normally. 
This was coincident with the return of sensibility to prick to that part of 
the skin within which lay the sore. But its extreme proximal edge 
still remained analgesic, and it was not until 185 days after the 
operation (October 27), that this part of the hand became sensitive to 
prick and this edge of the sore healed finally. The strict relation 
between the healing of this trophic ulcer and the return of sensibility 


to prick was evident. 
Section 2—The Pilomotor Reflex. 


Throughout the period when the skin of the forearm and hand was 


. completely insensitive, it was impossible to produce erection of the hairs 


within the affected area. Vigorous stimulation of the skin of the chest 
with ice or other means would start the condition known as “ goose- 
skin” which usually spread to both arms (Mackenzie [21]). Over the 
sound limb, all the hairs would be more or less erected, but on the left 
forearm, those of the affected area remained unchanged ; this probably 
accounted for their disordered appearance. 

With the return of protopathic sensibility, we noticed that the hairs 
could again be erected by suitable pilomotor stimuli. The exact date of 
the return of this reflex was not noted; but we gradually became aware 
that pricking the skin, pulling the hairs, or the application of the cold 
tube would occasionally give rise to a condition of “ goose-skin’’ within 
the area we were testing. 

As protopathic sensibility increased, this reflex could be evoked more 
easily from the affected area than from the normal skin. The iced tube 
placed on any active protopathic part might produce a_ widespread 
erection of the hairs over both the flexor and extensor aspect of the 
forearm which not infrequently spread beyond the limits of the area of 
defective sensibility. Even brushing the hairs with cotton wool in this 
stage of recovery would start a pilomotor reflex. 

With the gradual return of epicritic sensibility to the forearm, this 
increased response died away, and at the present time it is no more easy 
to produce a pilomotor reflex from the affected area of the forearm than 
from other parts. 

It is evident that the existence of a high degree of protopathic 
sensibility renders it easier to evoke a pilomotor effect. This excessive 
response is inhibited on the return of epicritic impulses. 

Although stimulation of a protopathic area evoked a stronger pilo- 
motor response, the erection of the hairs within this area was no greater 
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than elsewhere, if the reflex was a general one produced by placing ice 
upon the chest. The increased effect caused by stimulating a proto- 
pathic area must therefore have been due to physiological conditions 
affecting its afferent impulses and not to any structural change in the 
central mechanism. Absence of that control usually produced by the 
coincident activity of epicritic impulses allowed those from the proto- 
pathic area to exercise a greater influence upon the central pilomotor 
mechanism. Had the excessive reaction been due to an anatomical 
change in the centre, a reflex evoked by general means, such as ice 
applied to the chest, would have produced a greater erection of hairs 
over the affected area than elsewhere; this was not the case. 

During the period when the back of the hand was in a condition 
of active protopathic sensibility, we noticed that a referred sensation 
was liable to be associated with erection of the hairs over the remote 
area in which it was situated. Thus, pricking the region near the 
wrist would produce not only a sensation, but also erection of the 
hairs of the forearm near the scar. If the stimulus produced a 
severe protopathic reaction, this pilomotor reflex would become 
general; but if slighter, it tended to appear at the site of the 
referred sensation. 

Whilst engaged on these experiments, we discovered that the “ thrill” 
called forth by esthetic pleasure is accompanied by erection of the hairs. 
In H.’s case, it started in the region of the neck and spread rapidly down 
the arms, over the trunk, the thighs and outer aspect of the legs. If he 
sat with his arms bared to the shoulder in a carefully warmed room he 
could evoke the reflex by reading aloud some favourite poem. At a 
certain point he would call out that the thrill was beginning and 
shortly afterwards the long hairs on both forearms were seen to be 
erected, and the characteristic acuminate appearance was noticed upon 
the skin. This general pilomotor reflex was no greater over the highly 


protopathic area than elsewhere on the arms. 


CHAPTER VII.—ADAPTATION TO HEAT AND COLD. 


After we had convinced ourselves by repeated experiment that the 
affected hand behaved differently in the winter and in the summer, we 
attempted, by changing its temperature, to alter its reaction to thermal 
stimuli. We found that, by laying the palm of the hand upon ice, we 
could throw back the greater part of the affected area into the proto- 
pathic condition. Cold had so reduced the sensibility of the skin that 
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parts, which had almost returned to the normal condition, reacted as if 
they were in an earlier stage of recovery. 

This led us on to examine the behaviour of the affected area when 
adapted to moderate degrees of heat and cold. If one hand is dipped 
into warm water, the other into cold, the same object at an intermediate 
temperature will seem cold to the former and warm to the latter. This 
is the well-known experiment on adaptation. We modified it by adapt- 
ing both hands to the same temperatures and comparing the sensation 
produced by the same object over normal and abnormal parts. 

The majority of these observations were made at sittings between 
December 2, 1906, and March 24, 1907. By a fortunate chance, the 
external temperature was on every occasion almost exactly the same; 
the highest reading was 14° C., the lowest 13° C. All these experiments, 
therefore, were begun with the hands adapted to a temperature of from 
13° C. to 14° C. 

Throughout the following experiments, two regions within the 
affected area were distinguished by their behaviour: (1) a_ purely 
protopathic part in the neighbourhood of the second metacarpal and 
occupying the space between the knuckles of the index and middle 
fingers; (2) that portion of the affected area, already far on towards 
recovery, Which lay over the wrist and first metacarpal bone. But, 
since the latter behaved throughout like a normal area of lowered 
sensibility, attention will be directed mainly to the sensations produced 
from the protopathic parts of the affected hand. 

The simplest form of the experiment was carried out in the following 
way. By preliminary observations, we found that a copper block at a 
temperature of 29° C. did not appear hot or cold over any part of either 
hand. Both hands were then placed in a basin of water at 50°C. After 
a time, they were removed, dried and placed in the usual position for 
testing. The stimulus at 29° C. now seemed cold when applied to the 
right hand and to the normal parts of the left, and cool over the meta- 
carpal portion of the affected area. But elsewhere over this part of the 
hand, it produced no sensation of either heat or cold. So definite was 
this absence of sensation, that it could be used to mark out the boun- 
daries of the affected area. 

The hands were then put into water containing melting ice. When 
they were removed, the copper block at 29° C. seemed warm over the 
right hand and over normal parts of the left. Within the affected 
area, it produced no thermal sensation, excepting over the metacarpal 


portion, where it seemed to be warm. 
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This experiment shows that the thermal sensibility of protopathic 
parts did not undergo that shifting of threshold, which can make a 
temperature of 29° C. seem at one time hot and at another cold. 

But the threshold of thermal sensibility over protopathic parts may 
shift, although not to this extreme degree. We therefore carried out a 
series of observations of which the most complete were made on March 2, 
1907. The external temperature was 14° C. The hands were adapted to 
water at 45° C., removed from the basin and dried; after a few observations, 
they were returned to the basin, within which the water was kept at 
a constant temperature. Thus, they could be maintained in a condition 
of warm adaptation for the long period necessary for the following ob- 
servations. In this condition 33° C. was found to give a neutral sensa- 
tion over the normal hand and over normal parts of the left hand ; 
temperatures of 30° C., 31° C. and 31°5° C. were called “cool neutral,” 
and 29° C. seemed definitely cold. But over the protopathic area, none 
of these temperatures gave any thermal sensation. Cold was not evoked 
until the temperature was reduced below 24 C. 

Over the right hand and normal parts of the left, 35° C. was said to 
be ‘warm neuttal”; but 37° C. seemed definitely warm, even at a 
distance from heat-spots. Within the affected area, no sensation of 
heat was produced, until the stimulus reached 41° C., when it caused a 
characteristic outburst over the group of heat-spots in squares 26 B, 
26 E, and 25 D; elsewhere it caused no sensation. 

Thus, when the hands were warm-adapted (45° C.), the neutral point 
over normal parts seemed to lie at about 33° C. Temperatures of 29° C. 
were said to be definitely “ cold,” and 31°5° C. was called ‘‘ cold neutral.” 
At the opposite end of the scale, 35° C. produced a sensation of warmth 
which rose to definite heat at 37°C. But over protopathic parts, no 
temperature above 24° C. caused a sensation of cold, and no sensation of 
heat was produced. by any temperature below 40° C. Moreover, whether 
the stimulus seemed to be hot or cold, the sensation had the characters 
of that evoked from spots. 

When the hands were adapted to water at 13° C., 27° C. was found 
to be neutral everywhere over normal parts; 28° C. and all temperatures 
above seemed definitely warm. But over the protopathic area, no sensa- 
tion of heat was produced until the stimulus reached from 39° C. to 41° C. 
A temperature of 20° C. evoked a sensation of cold from both normal 
and affected parts of the hand. 

If the water in which the hands are adapted was lowered to 10° C., 
it occasionally happened under suitable conditions that a temperature of 
22° C. seemed neutral over normal parts, but caused a definite outburst of 
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spot-cold when applied to the affected area. We thus produced the para- 
doxical result, that parts of low general sensibility reacted definitely 
to temperatures which produced no sensation over the normal skin. 

These experiments on cold adaptation are more difficult to carry out 
than those in which the hand is warmed. Throughout a great part of 
the year, the external temperature is so low that the exposed parts 
of the body are permanently adapted to cold. An attempt further 
to lower the temperature of the hand may cause it to become blue and 
cold, and lead to a serious diminution of general sensibility which 
frustrates the object of the experiment. Even 18° C. may then produce 
no sensation of cold over the affected area or any other part of the hand, 
the cold-spots may react feebly to temperatures that are usually effective 
and the intensity of the referred sensation is diminished. 

Thus, dipping the hand into cold water may produce three separate 
conditions according to circumstances. Firstly, over normal parts a 
simple shifting of threshold may take place ; secondly, a part on the 
way to recovery and showing definite signs of epicritic sensibility 
may be thrust back to a purely protopathic condition as described on 
p. 396. Thirdly, especially in winter when the hand tends to be 
constantly cold-adapted, the application of severe cold may produce 
a condition of lowered general vitality, which diminishes the reaction, 
even of protopathic parts. 

When the normal hand is adapted to heat, 33° C. becomes the 
neutral point, 35° C. seems to be warm and 31° C. cool. Carefully 
adapted to cold, the neutral point shifts to 27° C. and all temperatures 
above 28° C. are said to be warm. 

Now, the highest temperature to which the cold-spots reacted was 
26° C., and most of them did not respond to 24° C. Even when the 
hand was adapted to heat, no sensation was produced by any higher 
temperature. It is therefore evident, that some mechanism other than 
the cold-spots must exist in the normal skin by which a sensation of cold 
is evoked with temperatures between 24 C. and 31° C. 

In the same way, when carefully adapted to cold, 28° C. may seem 
warm to the normal hand; yet the purely protopathic part never re- 
sponded to temperatures below 37° C. and most heat-spots are insensitive 
to temperatures below 40° C. It is equally evident that there must 
be a mechanism other than the heat-spots by which sensations of 
warmth can be evoked with temperatures between 28° C. and 37° C. 

These observations remove the difficulty experienced by Head and 
Sherren ({17], p. 224) in proving the existence of the sensation of 
coolness, apart from the reaction of cold-spots. Under the usual 
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conditions, working with hospital patients, they could obtain no sensation 
of cold with temperatures above 24° C., and they found that even proto- 
pathic parts would respond to such stimuli under favourable conditions. 
But we have shown that, by adapting the hand to heat, there is a range 
of at least 5° C. above the highest limit of the cold-spots, within which 
stimulation of normal parts may produce a sensation of cold. 

These observations may be summed up in the following conclusions :— 

(1) Over normal parts, the neutral point of thermal sensibility shifts 
according as the hand is adapted to heat or to cold. 

Over protopathic parts, no such change occurs. The heat-spots do 
not react to temperatures below 37° C., even when the hand is adapted 
to cold, nor does adaptation to heat raise the highest limit of the cold- 
spots above 26° C. 

(2) It follows that some innervation other than protopathic must 
exist in the normal skin, which renders it sensitive to temperatures 
between 26° C. and 37° C., and that this mechanism is capable of 
adaptation within a wide range. 

(3) By carefully adapting the hand to cold, a paradoxical condition 
can be reached, in which a temperature of 22° C. produces no sensation 
of cold over normal parts, although it evokes a definite sensation from 
the affected area. This is due to the fact that protopathic parts are 
incapable of adaptation to any material extent, and the cold-spots con- 
tinue to react to 22° C., although it produces little or no sensation 
over the normal cold-adapted hand. By this experiment, parts in a 
condition of defective sensibility have been rendered apparently more 
sensitive to the specific stimulus of cold.’ 

' The significance of these experiments depends upon the supposition that the normal and 
abnormal parts of the hand do not assume materially different temperatures after cooling and 
warming. To investigate this not improbable source of error we obtained the help of 
Dr. Bayliss, who kindly carried out with us aseries of experiments on the temperature of the 
skin with a thermo-electric junction, in the Physiological Laboratory at University College. 
We tested the temperature of the dorsal surface of the hands after they had been warmed in 
water at 45° C. and cooled in water at 15° C. Two areas were chosen on each hand, one in 
the first and the other in the fourth interosseous space. By this means we tested on the left 
hand the behaviour of a normal against an abnormal area of skin; but, lest these two spots 
should naturally behave differently to warming and cooling, we carried out a series of tests 
over similar spots on the right hand. The results showed that the small differences in the 
temperature of the normal and abnormal parts after warming and cooling, lay within the 


limits of experimental error. The following table gives the results obtained in the most 
satisfactory series :— 


First inter- Fourth inter- 
osseous space. osseous Space. 
Left hand, 
Cooled in water at 15° C, ve : = 19°2 19°2 
Warmed in water at 45° C. °*.. ; ; 30°4 31-4 
Right hand. 
Cooled in water at 15° C. is je e 20-1 o 19°4 
Warmed in water at 45°C... ; 31°8 ea 31°6 
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CHAPTER VIII.—LOcALIZATION AND SPACIAL DISCRIMINATION. 


Among the many curious facts elicited by this inquiry, none are 
more remarkable than those bearing on localization. At the time when 
the affected area was innervated by the afferent fibres of muscular nerves 
only, tactile pressure was localized accurately, although two points simul- 
taneously applied to the skin could not be discriminated. Then followed 
the period when protopathic sensibility returned, and cutaneous stimuli 
began to be localized over some area at a distance from the point of 
impact. Slowly, with the return of epicritic sensibility, the power of 
accurate localization of cutaneous stimuli was restored. 

Each of these conditions has been described in its proper place ; but 
many of our observations are of such psychological interest, that we 


have deemed them worthy of more detailed consideration. 


(1) De ep Se nsibility. 


After division of all the nerves to any area of the skin, the part 
is supplied solely with deep sensibility. A touch made with a certain 
amount of pressure can be localized with remarkable accuracy. At 
first, our observations were complicated by the unsatisfactory condition 
of the skin; but as soon as the oedema and swelling had passed away, 
we could not discover any obvious difference in the accuracy with which 
tactile pressure could be localized over corresponding parts of the two 
hands. H. visualizes strongly! and his accurate localization over the 
affected area was best shown when he was asked to mark the spot 
touched on a life-sized photograph of his hand (figs. 15 and 16.) More- 
over, when allowed to indicate the place that had been touched, his 
answers were as accurate on the one hand as on the other, though 
his eyes remained closed throughout. 

But in spite of this he could not discriminate two points applied 
simultaneously to the skin, even when separated to the greatest distance 
possible over the affected area on the back of the hand. Two points 
applied successively were at once recognized, even when 1°5 cm. distant 
from one another. 

All appreciation of size and shape was lost over this area; the flat of 

' On p. 343 stress was laid on the difficulties which arise, in consequence of the inability of 
a strong visualizer to reproduce cutaneous sensations. But throughout these experiments on 
localization and spacial discrimination, H. localized every sensation on a visual picture which 


corresponded remarkably with the proportions of the normal hand. This gave his answers a 
definiteness and security, unattainable when the quality of the sensation was in question. 
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a knife could not be distinguished from its edge, nor the head from the 
point of a pin. When a very large surface was applied to the back of 
the hand, H. thought it seemed to him large, because he had a visual 
picture of his hand upon which were certain points of reference such as 
the index knuckle and head of the first metacarpal. It was not possible 
to apply a large surface to the affected area in such a way that these 
























points of reference would be stimulated simultaneously ; and even a small 
interval between the moments at which different parts of the stimulating 
surface came into contact with the skin was sufticient to evoke the 
picture of two points. If these points were widely distant from one 
another, H. judged that the object must be of large size. But the more 
nearly the various distant parts of the affected area were touched at the 
same moment, the less was he able to recognize the extent of the surface 
stimulated. 


~~ 


Deep sensibility conveys the power of appreciating the locality of 
the part pressed upon, but not the ability to discriminate two points 
applied to the skin simultaneously. Nor does it convey any of those 
sensory qualities which underlie the appreciation of size and shape. 


Head and Sherren ({17], p. 214) were able to show that, if a part 
possessed deep sensibility only, the position and movements of the joints 
could be accurately recognized. This question did not come to direct 
experiment in the case of H., but we can be certain from cases of 
accidental injury that the presence of deep sensibility enables the 
patient not only to localize the spot touched but to recognize the 


4 


position of his limbs in space. 







(2) Protopathic Sensibility. 







So long as the affected area was innervated by the afferent fibres of 
muscular nerves only, the position of a touch was well localized. But 
with the first signs of returning protopathic sensibility, localization 
became gravely disturbed. This disturbance took two forms. The 








sensation seemed to be diffused to a varying extent round the point 





actually stimulated, and for this phenomenon we have throughout this 






paper used the term “ radiation.” In the other form there was pvro- 






duced a sensation also diffuse, but situated in a region remote from the 






point stimulated; this phenomenon we term “reference.” Cold or a 






prick applied to the forearm not only radiated widely but produced 
a sensation in the thumb, and H. could no longer recognize which part 
of the affected area had been stimulated. With the return of cutaneous 
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painful and thermal sensations, the power of localization, previously 
sufficiently accurate, was greatly disturbed. 

As protopathic sensibility improved, the radiation greatly increased, 
and the tendency to refer the sensation into remote parts became more 
definite. H. was conscious of a struggle between the local sensations, 
evoked by the pressure of a cold tube, and the coldness which seemed 
to be situated in some part at a distance from the point stimulated. In 
the early days of returning protopathic sensibility, the former was 
dominant, and correct localization was possible, in spite of the radiating 
and remote sensations of tingling, cold or pain. Later, when proto- 
pathic sensibility had reached a high stage of development, this was no 
longer the case, unless the tube was applied with considerable pressure 
to the skin. 

To evade the localization due to deep sensibility, we employed minute 
drops of ether or of ethyl chloride, instead of the ice-cold tube; the 
characteristic radiating and referred sensations of cold then appeared 
unhampered by the consequences of pressure. Such a stimulus applied 
to the wrist might cause the whole affected area on the back of the 
hand, including the greater part of the thumb, to become icy cold, and 
stimulation of a group of spots on the forearm was followed by an 
intense coldness over the whole dorsal surface of the thumb. 

In these experiments, H. was im every case unconscious of the actual 
place of stimulation. He sat with his eyes closed, and in consequence 
of the even temperature of the room experienced no spontaneous 
sensations from the hand. Gradually out of this state of quiescence 
arose a more or less definite sensation of cold, entirely free from any 
element of touch, pain or tingling. This seemed to be situated over an 
area of considerable size, and was never limited to a point corresponding 
with that actually covered by the stimulus. There was no consciousness 
of anything in contact with the skin; the sensation was one of pure 
cold, and corresponded with nothing previously experienced by H. 

The relative intensity of the radiating sensation and of that referred 
to some remote part varied greatly. But in every instance, the stimulus, 
however little tactile its character, was accompanied by some diffuse 
sensation in a situation approximate to the point stimulated. In some 
cases this might be so faint compared with the vivid reference that it 
scarcely aroused consciousness; on the other hand, the disturbance 
around the site of the stimulus might be so great that the remote 
sensation would have escaped notice without careful introspection. 

To test the constancy of this reference, eleven situations were 
chosen over the back of the hand and marked on a life-sized photograph. 
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These situations were repeatedly tested between January, 1904, and 
the end of 1907 with every form of stimulus to which protopathic 


sensibility responds (fig. 21). 








The circular numbered areas show the spots habitually stimulated when investi- 
gating the position of the referred sensation. 

The squares marked in unbroken lines are those used throughout the whole 
research. Those enclosed within dotted lines were used to determine the position of 
the referred sensation when stimulating isolated heat- and cold-spots. 
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The back of the hand was also marked out into squares, and the 
position of the referred sensation determined for each square centi- 
metre (fig. 21). 

Of all stimuli, cold gave the best results; for it could be applied 
exactly to any point, whilst with cotton wool the rubbing backwards and 
forwards was liable to stimulate hairs which belonged to areas not 
directly over the situation desired. Pricking was also unsatisfactory, 
because of the duration of its after-effect and the prolonged diminution 
of sensibility by which a vigorous reaction to this stimulus was followed. 
Pulling the hairs was also comparatively unsatisfactory for the same 
reasons. 

The eleven situations selected within the affected area on the back of 
the hand were tested on thirty-seven occasions with cotton wool, thirty- 
five times by stimulation with an ice-cold tube, six times with the prick 
of a pin, and four times by pulling hairs. 

As a general rule, the constancy of reference was greater in 
the case of the cold tube than with cotton wool; this probably 
depends on the difficulty in limiting the latter mode of stimulation in 
every case to the same spot. In order to study reference, cold was 
always evoked by placing the flat end of the silver tube on the skin, so 
that the area covered was well defined and accurately limited to the 
region it was intended to stimulate. Cotton wool, however, had to be 
swept over the skin with some vigour, in order to elicit a sensation of 
sufficient intensity to provoke distinct reference, and, though every 
endeavour was made to limit the extent of the stimulus, it must have 
been usually wider than the area covered by the bottom of the cold tube. 
Further, even if the spot actually touched with cotton wool were strictly 
limited, the area of skin affected would be considerably larger, owing to 
the slope of the hairs; for a touch on one spot may, by moving a 
hair, actually stimulate a part of the skin 1 cm. or 2 ecm. distant. 
The extent of the referred sensation was usually greater with cotton 
wool than with the cold tube, although the latter was a more intense 
stimulus. This must certainly have been due to the larger area stimu- 
lated by the cotton wool. 

Of all the situations chosen (fig. 21), No. 10 lying close to the 
extensor tendons of the thumb, produced the most constant referred 
sensation. When stimulated with cotton wool, a characteristic tingling 
was produced in that part of the forearm which has been called the 
upper patch and lies in the neighbourhood of the distal end of the scar. 
Radiation was present around the wrist, but reference occurred invariably 
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to the forearm. A cold test-tube produced equally constant results ; 
on the twenty occasions upon which a referred sensation was evoked, it 
was situated in the same part of the forearm. Here no confusion was 
possible between radiation and reference. The one sensation seemed 
to be widely distributed over the back of the wrist within the affected 
area, whilst the other lay in the proximal part of the forearm. 

No. 1, lying between the knuckles of the index and middle fingers, 
was another area from which reference to a remote part was almost 
constant. Forty-four times (twenty with cotton wool and twenty-four 
with cold) some portion of the thumb or its metacarpal was the 
seat of the referred sensation; twice only was it said to be over the 
radial aspect of the first interosseous space. 

Stimulation of the two neighbouring situations, No. 8 and No. 4, 
gave results of almost equal constancy. In the case of the former, 
reference took place to the metacarpal of the thumb in forty-six instances 
(twenty-two with cotton wool, twenty-four with cold), and ten times 
to the radial aspect of the interosseous space, whilst stimulation of 
No. 8 was followed in fifty-three cases (twenty-six with cotton wool, 
twenty-seven with cold) by reference to the metacarpal or some part 
of the thumb; eight times to the radial aspect of the space and once to 
the wrist. 

The two phalanges of the thumb lay outside the situations originally 
chosea, but have lately been the subject of an extended study in 
connexion with the conflict of referred and local sensations. The 
terminal phalanx is in the case of H. entirely devoid of hairs and could 
not ke stimulated with cotton wool in its purely protopathic condition. 
But with cold and with heat, the referred sensation was in every case 
situated over the region between the knuckles of the index and middle 
fingers. 

Reference from the basal phalanx of the thumb took place invariably 
to the same part; but when the fold of skin over the interphalangeal 
joint was stimulated, the sensation was referred occasionally to the 
wrist or to the index knuckle. 

Less constant results were produced by stimulating the remaining 
situations on the back of the hand. One cause of this discrepancy, 
especially in the earlier observations, was the failure to distinguish 
between radiation and reference. As H. was in all cases ignorant of the 
actual position of the point stimulated, except in as far as he was guided 
by accompanying sensations of pressure, he was frequently unable to 
distinguish the two sensations. But, if the radiation and reference were 
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widely separated, as when stimulation of the index knuckle produced a 
sensation in the thumb, no confusion was possible; it was from such 
situations that the answers were found to be most constant. 

Moreover, several of the chosen situations seem to lie within areas 
which may refer to two different places. This is well illustrated by the 
results obtained from stimulating No. 3 on the dorsal surface of the 
wrist. On twenty-two occasions, the remote sensation seemed to be 
situated in the first metacarpal, and twelve times in the basal phalanx, 
making in all thirty-four times to some part of the thumb. But a 
definite referred sensation to the forearm was produced nineteen times 
from the same spot. We found that by shifting the tube slightly we 
were able to change the position of the referred coldness from the thumb 
to the forearm. Evidently No. 3 lay in the neighbourhood of two areas, 
one of which tends to be associated with reference to the thumb, the 
other to the forearm. 

By. combining all our observations, made by stimulating chosen 
situations or squares marked on the back of the hand, it appears that 
reference takes place somewhat as follows. The area on fig. 22 I. refers 
usually to some part of the forearm, that on fig. 22 III. tends to refer 
mainly into the thumb, and the whole thumb including a small portion 
of the radial half of the first interosseous space is associated with refer- 
ence to the region of the index knuckle. In the same way, stimulation 
of the proximal patch on the forearm (fig. 22 IV. A) tended to evoke a 
sensation in the back of the hand, and the distal area (fig. 22 IV. B) was 
similarly associated with the skin over the base of the metacarpal of the 
thumb. 

As far as we could tell, the various specific sense-organs, cold-spots, 
heat-spots and pain-hairs situated in any small area of the skin were 
associated with sensations referred to the same remote parts. Heat- 
spots were so scattered and so few in number that the material for such 
a generalization was scanty. But whenever the heat-spot was active, 
it was found that the sensation of heat was referred to the same area 
as the coldness produced by stimulating the adjacent cold-spots. 

Stimulation of the area on the dorsal aspect of the thumb, shown on 
fig. 22 II., caused a sensation referred to the distal and ulnar aspect 
of the affected area on the back of the hand. Conversely, stimulation 
of this region of the skin (fig. 22 III.) caused a referred sensation in the 
thumb. So constant was this cross reference that it could be utilized 
for a series of experiments on inhibition. 

During the earlier stages of recovery, we were not sufficiently aware of 
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the constancy of this cross reference. But we were repeatedly struck with 
the tendency of the proximal part of the affected area on the forearm 
(fig. 22 IV. A) to be associated with the area on the back of the hand; 
similarly, stimulation of the distal portion of the affected forearm 
(fig. 22 IV. B) tended to be associated with a sensation over the meta- 
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Fic. 22. 


By marking out the whole of the dorsum of the hand with squares we found that stimulation of the 
area shown on I, caused a referred sensation in the forearm in the neighbourhood of IV A. 

Stimulation of the area shown on II. caused a referred sensation in the region of the index knuckle. 

Stimulation of the area shown on IIT. caused a sensation in the thumb 

Stimulation of the area marked Aon IV. evoked a sensation over the dorsal surface of the hand near 
the wrist and that of B caused a referred sensation in the thumb. 


carpal of the thumb. We were, however, unable to work out this 
relation so completely on the forearm as on the hand, for by the time 
reference from the hand to the forearm was fully established, recovery 
had so far advanced that the forearm no longer produced a referred 


sensation. 
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Throughout this long series of observations, reference was always to 
a part within the affected area; it never lay over any normal part of the 
hand. Long after the forearm had returned so nearly to a condition 
of normal sensibility that stimulation with cold was no longer associated 
with reference, it was still possible to produce a sensation in the forearm 
by stimulating the back of the wrist. The parts over the metacarpal of 
the thumb have so far regained sensibility that no remote sensation can 
now be induced by stimulating the skin. But this part of the hand is 
still the seat of vivid referred sensations, whenever the ulnar and distal 
portions of the affected area are stimulated with cold or with cotton wool. 

Throughout the whole period of protopathic recovery, localization 
was profoundly changed. At the same time, all spacial discrimination 
was absent, including all recognition of relative size. The results 
obtained with the compass-points were even less accurate than when the 
hand was innervated by deep sensibility only. Then the contact of 
a single point was rarely said to be two; but in the protopathic stage 
this occurred repeatedly. The application of a single point not only 
evoked a widespread tingling, but also in many cases a distinct remote 


sensation which greatly confused the answers to the compass-test. 


(3) Epicritic Sensibility. 


With the first signs of returning epicritic sensibility, reference 
occurred less frequently and radiation became diminished. 

In the early part of November, 1904, when the shaved hand first 
becaine sensitive to cotton wool, it was found that a change had come 
over the nature of the reaction to an ice-cold tube; the sensation 
radiated widely around the spot stimulated, but was referred less than 
usual to remote situations. From those parts, however, which showed 
no return of epicritic sensibility, such as the neighbourhood of the index 
knuckle, the referred sensation was as vehement as ever. 

In December of the same year, the sensibility of the hand went back 
in consequence of the winter cold; radiation and reference were as vivid 
as in the purely protopathic condition, and little if any of the affected 
portion of the hand was sensitive to cotton wool after shaving. In 
February, 1905, there was not a single situation within the affected 
area from which we did not obtain a referred sensation. From No. 10 
near the wrist it was projected into the upper patch on the forearm as 
_intensely as before. 

With the coming of spring (April, 1905), seven out of the twelve 
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situations gave local radiation without reference on stimulation with the 
ice-cold tube. There was coincident improvement of sensibility to cotton 
wool, and the results of the compass-test were the best so far recorded. 

In June, 1905, the hand had further improved and a referred sensa- 
tion was obtained on stimulation of the parts near the index knuckle 
only. Sensibility of the shaved hand to cotton wool had greatly in- 
creased, and the compass-test gave good results at 4 cm. when the points 
were placed longitudinally so as to fall as much as possible within the 
area of partial recovery. 

Sensibility again degraded during the winter of 1905-6, accompanied 
by the reappearance of the phenomena of reference and widespread 
radiation. We therefore had the opportunity of confirming and amplify- 
ing our previous observations. But it is not necessary to wait for these 
annual fluctuations of temperature ; artificial cooling will produce similar 
changes in the sensibility of the recovering parts. On July 6, 1905, 
reference was almost entirely absent and radiation greatly diminished. 
3ut after the palm of the left hand had been laid upon ice for a short 
time a referred sensation could be evoked from every situation within 
the affected area; even stimulation of the parts near the wrist was 
associated with coldness or tingling in the forearm. Similar changes 
were observed throughout the long series of experiments on adaptation 
made during the winter of 1906-7. 

The inhibition of reference and radiation, which accompanies the 
return of epicritic sensibility, is evidently due to the opening up of fresh 
paths in the peripheral nervous system. The mechanism associated 
with protopathic sensibility is not gradually educated into something 
higher ; but the consequences of its peculiar activity are checked in the 
central nervous system by the coincident existence of epicritic impulses. 
Inhibited and controlled, they are ready to burst out in the form of 
radiation and reference, as soon as the activity of the dominant 
mechanism is diminished by cooling the hand. 

We therefore determined to test this control, by placing an ice-cold 
tube partly within and partly without the protopathic area on the back 
of the hand. The distal part of the affected area was still in an actively 
protopathic condition during the winter of 1907. It was separated from 
normal skin by a well-defined border almost coincident with the line of 
the third metacarpal bone. Here we could place an ice-cold tube so that 
the circular area of its base might be distributed in varying proportion 
between parts of normal and abnormal sensibility. When the tube was 
placed so that one half fell on the normal, the other on the abnormal 
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side of the border in the region of square 27 A, a vivid coldness appeared 
in the thumb which disappeared, and was replaced by an entirely local 
sensation. Reference was wiped out as completely as if a current had 
been switched off. Sometimes the remote sensation reappeared in a 
fainter form to be abolished again completely. 

This control of radiation and reference cannot be definitely said to 
be associated with any one factor in epicritic sensibility. The change 
occurred with the first signs that the affected hand was sensitive to 
warmth and to cotton wool after shaving. The compass-test still gave 
poor results at 6 cm.; but it must be remembered that the extent of 
skin to which epicritic sensibility was returning was at first so situated 
that the two points of the compasses could not be placed simultaneously 
within it. Later, we always found that row D gave uniformly better 
results than row B, which shows that with returning sensibility to 
warmth and to cotton wool after shaving came an increased power of 
spacial discrimination. This is the only new spacial faculty restored 
by the recovery of epicritic sensibility. Tactile localization and the 
sense of passive position were present from the beginning of the ex- 
periment; spacial discrimination alone was absent. If therefore the 
disappearance of radiation and reference is to be associated with any 
one element of epicritic sensibility, it is probably spacial discrimina- 
tion which is responsible for the cessation of the abnormally wide 
diffusion of protopathic sensations. 

The results at which we have arrived in this chapter may be summed 
up as follows :— 

(1) Accurate tactile localization is possible even when the part is 
supplied with deep sensibility only, provided the pressure is sufficient 
to stimulate the deep afferent system. 

Accurate localization of cutaneous stimuli does not return until the 
skin becomes sensitive to von Frey’s tactile hairs and to cotton wool 
after shaving. 

(2) It is possible to recognize the position of the parts in space and 
to appreciate the movement of the joints even though the limb is inner- 
vated by deep sensibility only. 

(3) Tactile discrimination, the recognition of two compass-points 
applied simultaneously to the skin, is impossible in the absence of 
epicritic sensibility, except at distances enormously in excess of the 
normal. 

(4) The protopathic condition is associated with a tendency to pro- 
duce sensations in parts remote from the point of stimulation. If care 
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is taken to avoid tactile pressure, it may be impossible to recognize 
to what part of the skin the stimulus has been actually applied. 

The existence of epicritic impulses inhibits this tendency to refer into 
remote parts. Thus, the first signs of returning sensibility to cutaneous 
touch and to minor degrees of heat led to a diminution of these referred 
sensations. In the same way, the return of sensation to prick and to the 
extremes of heat and cold to a part such as the triangle, previously sensi- 
tive to cutaneous tactile stimuli, was not associated with any tendency to 
reference. Even coincident stimulation of an adjacent part in the normal 
condition seems to have an inhibiting effect on this tendency of the 
protopathic skin. 

(5) Localization is in all probability the sum of two sets of sensa- 
tions, one of which arises from deep, the other from cutaneous stimu- 
lation. But with the remaining spacial elements the conditions are 
somewhat different. Deep sensibility is responsible for our knowledge 
of the position of our limbs in space, whilst stimulation of the epicritic 
system is necessary to evoke the power of spacial discrimination. Each 
of the two systems brings its addition to the impulses which underlie 
localization ; but sense of position in space depends on deep sensibility 
alone, spacial discrimination on the activity of the epicritic system only. 


CHAPTER IX.—INTENSITY. 


Throughout the previous chapters, we have repeatedly dwelt on the 
vivid response of protopathic sensibility to painful stimuli. <A_ prick, 
which on the normal skin gives rise to little more than a sensation 
of sharpness, may in the protopathic condition produce a response so 
unpleasant that it would in ordinary language be said to be much more 
painful.’ We have little doubt that the trained psychologist experiencing 
the two sensations would say that the pain in the second case was of 
greater intensity, and, if speaking in terms of the sensibility of the 
skin, he would say that in the protopathic condition, it was more 
sensitive. On exact examination, he would expect to find that the skin 


1 All unpleasant protopathic sensations are associated with an unusually disagreeable 
feeling-tone. Those which are pleasant, such as the heat evoked by stimulating heat-spots, 
are unusually agreeable. Thus a temperature of 40° C. applied to a part devoid of heat-spots 
is less distinctly pleasant than when it is brought to bear on a group of active heat-spots in a 
protopathic area. Conversely, pain evoked even from a protopathic area of defective sen- 
sibility is more disagreeable than that produced by the same stimulus applied to the normal 
skin. In addition to pain, which is a measurable sensation, we must distinguish discomfort 
(‘“* Unlust”’). In cases of injury to the spinal cord discomfort may be produced over a totally 
analgesic area by potentially painful stimuli (vide Head and Thompson [18], p. 644). 
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had a lower threshold for pain, é.e., that pain would be produced with 
a smaller stimulus than over normal parts. 

Observations made with the algesimeter and with von Frey’s pain- 
hairs have shown that this is not the case. The increased response 
to painful stimuli may even occur with a threshold considerably raised. 

For, during a considerable part of the five years that have elapsed 
since the operation, the back of the hand was in a condition of low proto- 
pathic sensibility. Not only was the skin insensitive to such stimuli as 
light touch and warmth, but even painful sensations had a higher thres- 
hold than over normal parts. Yet in spite of the incomplete restoration 
of protopathic sensibility, the response to painful cutaneous stimuli was 
greater than normal. If attention is paid to the character of the 
sensation resulting from an equal stimulus to similar parts on the two 
hands, the affected area would seem to be more sensitive on account of 
the greater painfulness. But if the sensibility of the skin was measured 
by the threshold of stimulation, the affected area would be called less 
sensitive than normal. 

This difference came out clearly, when the point of a pin was dragged 
across the back of the hand from normal to protopathic parts. The 
change was so sudden and the new sensation so painful, that the border 
could be marked out to within 2mm. And yet at the same time the 
threshold for painful stimuli was higher than normal over the affected 
area, 

It might be supposed that the exaggerated response of protopathic 
pain was due to some incomplete restoration of the functions of the 
mechanism for painful sensations, which would diminish or pass away 
with the lowering of the threshold to the normal. But this is not the 
case. Fortunately, a small part of the affected area still remains in 
a purely protopathic condition.’ Here the threshold for painful 
cutaneous stimuli does not materially differ from that over a_ similar 
part of the normal hand. But the sensations evoked from the affected 
area are still both more unpleasant and of greater extent than normal. 
The approximation of the threshold for painful stimulation to that over 
normal parts, far from decreasing, seems actually to have increased the 
vividness, the extent and the unpleasantness of the resulting sensation. 

And yet H., like all patients in this condition, never for a moment 
doubts that the protopathic area is one of defective sensibility. Over 
normal parts of the hand, it is almost impossible to touch the skin with 
a sharp point, however lightly, without producing a sensation which he 
knows if increased will gradually pass into pain. The normal skin 
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responds to a point with a sensation which is not painful, but which 
conveys the impression that the stimulating object is sharp. This is 
absent over protopathic parts. When the needle of the algesimeter is 
applied carefully, even over a highly sensitive protopathic area, the 
pressure can be increased without evoking any response until the scale 
shows about 20. Then a sensation of pressure is evoked in conse- 
quence of the stimulus to deep sensibility. Increase the pressure 
further and at about 30 to 35° pain is produced, either suddenly or 
as a gradually increasing ache. 

The sensibility of the protopathic area in the neighbourhood of the 
index knuckle (fig. 14) has so greatly increased, that the threshold for 
cutaneous painful sensations, tested with von Frey’s hairs, is now the 
same as that of a similar part of the normal hand. But although the 
threshold for pain over this highly protopathic part has sunk to the 
normal, the sensibility of the two areas, tested by means of a sharp 
point, is fundamentally different. From the skin in a_ protopathic 
condition, pain is evoked without the preliminary painless sensation of 
a point. 

These observations show that we must readjust the usual psycho- 
logical conception of intensity, at any rate as far as painful sensibility 1s 
concerned. 

On turning to the phenomena of thermal sensibility, many facts 
point to an equal need for revision of the usual views on intensity. On 
comparing the sensations from normal and protopathic parts, the same 
cold tube at 20° C. is commonly said to be colder over the affected area. 
But, if the threshold be determined in the usual way by lowering the 
temperature of the stimulus from neutral to the just perceptibly cold, it 
will be found that the protopathic region will seem to be by far less 
sensitive. A temperature of 30 C. or even 31° C. may be called cool 
over normal parts under favourable conditions, but 27 C. never produced 
a sensation of cold over any portion of the affected area. A part which 
reacted with a more vivid sensation of cold when stimulated with 20° C. 
was incapable of responding to temperatures well within the range of 
the normal skin. 

Return of epicritic sensibility diminishes the vividness of response to 
protopathic stimuli. The part of the affected area in the neighbourhood 
of the first metacarpal has become sensitive to light touch after shaving 
and responds to minor degrees of heat ; sensibility is almost completely 
restored. Temperatures of 26 C. and 27 C. produce a sensation of 
coldness and, measured by all the usual criteria, it 1s a highly sensitive 
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part. But a tube at 20 C. seems less cold than over the neighbouring 
purely protopathic area. 

The same condition was repeatedly observed throughout the period 
during which the forearm was recovering. Thus, on December 1, 1906, 
26° C. seemed cool to the affected area on the forearm but produced no 
sensation of temperature over the back of the hand; but 23° C. was 
said to be cool over the forearm and intensely cold over the back of the 
hand. On August 7, 1904, 20° C. produced a cool sensation (‘* poor 
cold ’’) only over the proximal part of the affected area on the forearm, 
“good cold’ over the distal patch and “ tremendous spot-cold ”’ over the 
back of the hand. 

At this time stimulation of the protopathic area in the neighbour- 
hood of the wrist uniformly caused a sensation of cold, referred to the 
proximal patch on the forearm in the neighbourhood of the scar. By 
this means, a colder sensation could be produced than by applying the 
same tube directly to that part of the forearm. We are thus face to face 
with the following significant anomaly. <A cold stimulus evoked a sensa- 
tion of cold over a certain part of the forearm; but, when this stimulus 
was applied to a protopathic part on the hand, it produced a sensation 
referred to the same area of much greater coldness than that which 
followed direct application of an identical stimulus to the same part. 

By carefully adapting the hand to cold, a condition can be produced 
in which 22 C. continues to cause a vivid sensation of cold from the 
protopathic area, but seems neutral to normal parts of the hand. An 
area of undoubtedly lowered sensibility then reacts with a specific sensa- 
tion to a temperature, incapable under the circumstances of evoking a 
sensation from ,the normal skin. 

An interesting example of failure to recognize this ambiguity with 


Frey’s statement that the glans penis is the most sensitive part of the 
body to temperature. Now we have shown that this organ reacts to 
thermal stimuli like the skin in the protopathic stage after nerve 
division. It is a part of the body which is normally devoid of epicritic 
sensibility. A tube of 20 C. placed on the corona of the glans penis is 
said to be decidedly colder than on the adjoining skin; but tubes of 
27° C. and 28 C., which produce obvious cold on the skin, evoke no 
such sensation from the glans. A region which has been called the 
most sensitive part of the body is as a matter of fact one of low sensi- 
bility, if tested by the customary measure of the threshold 

In the case of heat the results are the same; but, owing to the 
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narrow range of temperature at our disposal, their demonstration is not 
so easy. Merely judged by the vividness of the response, a protopathic 
region would be called more sensitive than normal. A tube at 40° C. 
placed over a group of spots within the protopathic portion of the back 
of the hand seemed hotter than over normal parts; yet this area did not 
respond to any temperature below 37°C. When a silver tube contain- 
ing water at 47° C. was rolled across the hand from normal to abnormal 
parts, it becams ‘“ hotter” over the affected area. But a tube at 35 C., 
obviously warm over the normal skin, no longer caused any sensation of 
warmth as soon as the protopathic border was passed. Judged by 
the standard of threshold, the protopathic area was less sensitive, 
although a temperature of 47 C. seemed hotter than over the 
normal hand. 

At an early stage of recovery, the hairs regained a peculiar form of 
sensibility to contact. Stroking a hair-clad part with cotton wool 
produced a widespread tingling referred to parts at a distance, identical 
with those for the sensations evoked by painful and thermal stimuli. 
This tingling seemed to be more intense than the sensation which 
follows the brushing of normal hairs with cotton wool. But, when the 
roots of the hairs were tested by von Frey’s method, not one of them 
was found to react to No. 5, although over normal parts the majority 
are sensitive even to stimulation with No. 3; and if the skin of the 
affected area was shaved, it became entirely insensitive to all cutaneous 
tactile stimuli. 

Whatever the effective stimulus applied to an area in a condition of 
high protopathic sensibility, the specific sensation evoked will seem to be 
more vivid than that over normal parts. A prick will seem more 
unpleasant, cold will appear to be colder and brushing the hairs will 
cause a widespread tingling apparently more intense than any sensation 
produced by brushing the normal hair-clad skin. 

Yet in every case the protopathic area is one of defective sensibility 
in spite of its more vivid response. Stimulation of the normal skin with 
a needle produces almost at once the sensation of a pointed object, which 
with increasing pressure passes gradually into pain. Thus, even if the 
threshold for painful stimuli may have sunk approximately to normal 
over protopathic parts, they still fail to respond to the antecedent 
sensation of a point. In the case of heat and cold, it can be shown 
that the threshold is always higher than over the normal skin. Even 
the tingling evoked by touching the hairs of a protopathic part, requires 
a stronger stimulus than when the skin is endowed with epicritic 


sensibility. 
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All forms of sensation evoked from protopathic areas have a high 
threshold, whether the condition be normal as in. the case of the penis, 
or a stage in the recovery of sensibility after nerve division. 

The most striking feature of the response from protopathic parts 
is its wide extensity. Each strictly local stimulation is followed, 
not by a localized sensation, but by an outburst of pain, heat, cold 
or tingling which may extend over the greater part of the affected 
area. 

How large a part is played by this wide extent of the sensation, in 
our judgment of the relative coldness of a stimulus applied to protopathic 
parts, is shown by the following experiment. After the cold-spots had 
been marked out carefully, the protopathic area was stimulated with 
the flat circular bottom of a silver tube 1°25 cm. in diameter containing 
water at 20 C. This produced a sensation of cold. One active spot 
within the area covered by the tube was then stimulated with a copper 
rod 1 mm. in diameter which had been cooled to the temperature of 
ice. This caused a sensation, apparently “less intense” than that 
from the tube at 20° C., and the result was not altered by changing 
the order of the two stimuli. In these observations, H. was unable 
to recognize whether the smaller or the larger object was being 
applied; in one case when the tube had been used he said, “ That 
is a good spot,” comparing it with the previous stimulation with 
the rod only. 

Increasing the area of stimulation produced the same effect as 
increasing the intensity of the stimulus. H. would have said that the 
tube at 20 C. was uniformly “colder” than the rod, had he not 
recognized that in many cases the coldness was not greater. Yet, 
although the resulting sensation was not more “icy,” it was so much 
more extensive that his natural tendency was to call the tube a stimulus 
of greater intensity. This he might have corrected, had he been able 
to recognize that a larger area of skin was stimulated by the tube than 
by the rod; since this was impossible over a purely protopathic area, 
his only guide to the intensity of the stimulus was the extent of the 
sensation evoked. 

But it must not be supposed that he was entirely unable to appreciate 
a difference in intensity between two stimuli of equal extent applied to a 
protopathic area. A tube containing ice will produce a colder sensation 
than the same tube containing water at 20° C. applied to the same 
parts. But, if once the stimulus is of a temperature low enough to 
excite the cold-spots to a full explosion of activity, the extent of the 
stimulus is of greater importance than its intensity. 
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In considering the direction in which the current notion of intensity 
might be revised, we must limit the application of the term in its strict 
sense to epicritic and to deep sensibility. In protopathic manifestations, 
there is undoubtedly a “‘ more-or-lessness,”’ which is of the same nature 
as that denoted by the term intensity, though it is liable to be obscured 
by variations in the extent of the stimulus. 

It would even seem as if sometimes a less cold object applied to 
a larger surface will cause a sensation more intensely cold than the 
stimulation of a single spot by an iced rod. 

Thus, even when we confine ourselves rigidly to the consideration of 
actual more-or-less coldness, a more extensive stimulus at a higher tem- 
perature may produce a definitely colder sensation, apart altogether from 
the fact that it radiates over a wider aaea. 

From these facts, it follows that Weber’s law or other expressions 
of exact quantitative relations between stimulus and sensation must 
undergo revision. In the case of the protopathic system, it is clear 
that there can be no question of any such exact relation. In 
the sensations from a protopathic area, there may exist a more-or- 
lessness which can be called intensity. But this is of so indefinite a 
character, and its relation to the intensity of the stimulus may be so 
obscured by differences in the extent of stimulation, that there can be 
no question of any such definite association between stimulus and 
sensation, as those formulated in Weber’s law or Fechner’s formula. 
As far as Weber’s law holds good for the temperature-sense of the 
skin, we should expect it to be the expression of epicritic thermal 
sensibility. That is to say, it should be demonstrable, more particu- 
larly between 26 C. and 37 C., the highest point of the cold-spots 
and the lowest to which the heat-spots reacted. Further, the dis- 
criminative sensibility as revealed by the just-perceptible difference or 
the difference-threshold should be greater between these limits. It is 
remarkable that two of those who have investigated the validity of 
Weber’s law for the temperature-sense have given figures correspond- 
ing closely with those to be expected on the basis of our view that 
the law holds true of epicritic sensibility only. Lindemann [20] 
found the discriminative sensibility to be greatest on the hand be- 
tween the temperatures of 26 C. and 39° C.; the just-observable 
difference within these limits was 1°20° C. Nothnagel [24] found 
the most delicate discrimination between 27° C. and 33° C.; the just- 
perceptible difference was slightly larger only up to 39° C. and was 
also fair between 27 C. and 14 C. These observations help to support 
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our view that, as far as the skin is concerned, Weber’s law applies to 
epicritic sensibility only. 

The results at which we have arrived in this chapter may be summed 
up as follows :— 

(1) Parts in a condition of protopathic sensibility respond more 
vividly than the normal skin to all stimuli capable of evoking a sensation. 

(2) This sensation is usually more intense and always of much 
greater extent than over normal parts. 

(3) For all effective stimuli, the threshold is high in a protopathic 
area, and, in spite of the vivid response, it is obviously one of defective 
sensibility. Epicritic sensibility with its low threshold must be present, 
before the sensory complex resembles that from the normal skin. 

(4) An effective protopathic stimulus of low intensity, but covering a 
larger area, may produce a sensation of greater apparent intensity than a 
more restricted stimulation of greater strength. Not only is the sensa- 
tion more extensive, but at times it may seem to be specifically more 
intense. 

(5) The usual psychological view that an increased sensory reaction 
corresponds to a lowered threshold must be readjusted. It is true in the 


strict sense only of epicritic and deep sensibility. 


CHAPTER X.—PUNCTATE SENSIBILITY. 


Although our observations on the distribution and functions of the 
cold- and heat-spots agree substantially with those of previous observers, 
we differ from them fundamentally in our views of the nature of punctate 
sensibility. Blix ({4] and |5]|) was the first who examined the skin 
minutely with stimuli of small extent, and discovered the heat- and cold- 
spots. He was followed by Donaldson [6] and later by von Frey ({7], 


[8], [9], [10], [11]) with a superb series of observations which greatly 


extended the original conception of punctate sensibility. 

In consequence, it became a matter of general belief that the skin 
was endowed with sensitive spots, each of which reacted to a specific 
stimulus. Not only were there spots for cold and for heat, but also for 
pressure and for pain. To the activity of this mechanism were attri- 
buted all the sensory impulses arising from cutaneous stimulation. 

But this minute concentration on the functions of the skin led to a 
neglect of those forms of sensation produced by the coarser stimuli, 
such as pressure. Any object, however light or heavy, was thought to 
be appreciated in consequence of impulses from the “ pressure spots,’’ so 
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long as no movement of muscles or joints occurred. So soon, however, as 


‘ 


the weight was supported by muscular effort, the ‘“ muscle-sense " came 
into action, based on afferent impulses conducted from the tendons, 
joints and other subcutaneous structures. 

But division of all the nerves to the skin in our experiment showed 
that this deep innervation played a greater part in the sum of sensory 
impulses from the periphery than had been previously suspected. Much 
of what is commonly called “touch” is due to the activity of this 
afferent mechanism, and not to stimulation of the cutaneous “ pressure- 
spots ’’ only. 
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Photographed from Blix [4]. 

In the original the black dots are red and correspond to the heat-spots. The lighter dots 
are green and represent the cold-spots. 

I,--An area on the dorsal aspect of the left hand at the base of the middle finger. 

II.—An avea on the wrist. 

II1I.—An area on the arm (‘‘ Armliinge ”). 

IV.—An area on the dorsal aspect of the left hand of another observer. 


Excessive pressure was also found to produce pain when the 
cutaneous nerves were divided, and it is therefore certain that the 
“pain-spots” of the skin are not responsible for all painful sensa- 
tions from the periphery. The pain of pressure and rending is due 
to the stimulation of end-organs of the deep afferent system. 

It is therefore obvious that, of the sum of afferent impulses starting 
from the periphery, a large number arise from the activity of 
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organs situated elsewhere than in the skin. On this side our observa- 
tions are accessory to, but do not trench on, those of von Frey and his 
fellow workers. But even when we confined our attention to the skin, 
we found that the sensory spots did not account for all the afferent 
impulses of cutaneous origin which reached the central nervous system. 
It is therefore obligatory on us to show in how far we agree with, or 
differ from, the conclusions of previous observers with regard to punc- 


tate sensibility. 
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Somewhat enlarged from Donaldson [6]. 

The black dots indicate cold-spots. The larger ones represent the spots which gave a strong reaction, 
the smaller those which gave a weak one. Circles represent the heat-spots. 

A. represents the distribution of the temperature-spots over six squares each of 1 cm. on the back of 
the left hand. B. represents a similar map of a symmetrical part of the right hand. Thus each map is 
2 cm. broad and 3 cm. in height. 

The upper boundary is peripheral, the lower central; the left of the observer corresponds to the 
ulnar aspect, the right to the radial. 


Section 1.—Heat- and Cold-Spots. 


The existence of heat- and cold-spots has not been seriously called 
in question since they were first described by Blix [4]. They are easily 
demonstrable, scattered irregularly over the surface of the body (fig. 23). 
The cold-spots preponderate greatly ; according to Blix there are from 
two to four cold-spots to one heat-spot. It is difficult to compare his 
results numerically with our own, because the size of the area chosen for 
investigation in different parts of the body evidently varied greatly, and 
he does not state whether his maps were drawn strictly to scale. 
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Donaldson [6] marked out six squares of 1 cm. on the dorsal surface 
of each hand; in these six squares he found on the right fifty-six cold- 
spots, and on the left fifty-nine. Within the same limits the heat-spots 
numbered seventeen and thirty-seven (fig. 24). 

The area on the. back of the affected hand most closely investigated 
by us consisted of twenty-five squares each of 1 cm. Here we found 
about sixty-eight cold-spots, and from fourteen to sixteen heat-spots. 
Some of these were more constant than others, and a certain number 
were discovered at every examination throughout the four years which 
followed their reappearance (cf. p. 377 and figs. 19 and 20). 

Similar results were obtained by Sommer [26]; von Frey gives no 
maps of these spots, but from observations made by him on H.'s hand 


A. 
Fic, 25 


Photographed from Goldscheider [15], Tafel 1. 

In the original the cold-spots on A. are red, whilst the heat-spots on B. are blue. 

Each area represents 4 cm. from the back of the hand. 

It is obvious that both heat- and cold-spots vastly outnumber those recorded by other 
observers. 


both before and after the operation, we can state that our results are 
numerically in complete accord with those obtained by his methods. 
This remarkable harmony in the results of most observers is dis- 


turbed by the statements of Goldscheider [15] only. His maps repro- 
duced in fig. 25 differ so greatly from the results of all other workers, 
that we can only assume he was not dealing with punctate sensibility as 
generally understood. 

These spots respond to stimulation in a strictly specific manner. 
Thus, stimulation of the cold-spots with temperatures of 45° C. produces 
a sensation of cold. We have been unable to stimulate either the cold- or 
heat-spots with the interrupted current, provided all precautions are 
taken to exclude thermal stimuli and the effect of suggestion ; in this we 
are at variance with Blix. We differ also from Goldscheider [15] in 
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that we have been unable to evoke a sensation of heat or of cold 
by mechanical irritation of these spots, if the stimulating object be 
maintained at a neutral temperature. 

Our observations have shown (chapter IV., section 3, p. 383) that the 
reaction of these spots is peculiar and characteristic. When sensibility 
to heat and cold depends on the existence of spots alone, any effective 
stimulus tends to produce a more vivid response than from the normal 
skin. Not only is the sensation evoked from a protopathic area of 
wider extent than normal, but at times it seems to be actually colder 
(cf. p. 422). Yet, in spite of this greater vividness, such parts as the 
affected area on the back of the hand and the normal penis did not 


respond to temperatures between 26° C. and 37 C. The degree of 


temperature necessary to stimulate individual spots varied greatly ; but 


no heat- or cold-spot on the back of the affected hand responded to 
temperatures between these limits. This combination of an abnormally 
vivid response to effective stimuli, with failure to react to temperatures 
capable of exciting the normal skin, is a characteristic feature of all parts, 
where thermal sensibility depends on the existence of heat- and cold- 
spots only. 

Moreover, so long as the thermal sensibility of a part depends 
entirely on these spots, it is incapable of that wide range of adaptation 
which is an inherent function of the normal skin (cf. p. 406). Soaking 
the hand in water at 45° C. does not cause the cold-spots to respond 
to temperatures above 26 C., and careful cooling does not increase the 
range of sensitiveness of the heat-spots. And yet, under such circum- 
stances on the normal hand, adaptation would occur and the same 
intermediate temperature would appear at one time cool and at 
another warm. 

It might be supposed that the vivid response, the high threshold and 
the want of adaptation so characteristic of punctate thermal sensibility 
on the affected parts were due to defective regeneration of the mechanism 
of the heat- and cold-spots. But the normal glans penis is unable to 
respond to temperatures between 26° C. and 37 C., not only when the 
stimulus is punctiform, but also when the whole organ is immersed 
in water. But so vivid are the sensations evoked by effective thermal 
stimuli, that von Frey calls it the most sensitive part of the body. 

It is therefore certain that the cold- and heat-spots cannot account for 
all the thermal sensibility of the normal skin. Some other nervous 
mechanism must be present, which endows the skin with the power 
of reacting to intermediate degrees, and is capable of thermal adaptation. 
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But when all the cold- and heat-spots have been marked out on the 
normal skin, considerable spaces remain between insensitive to punctate 
thermal stimuli. These, if sufficiently extensive to be tested with a tube, 
will be found to be sensitive to water above 26° C. and below 37 C., 
especially after the part has been suitably adapted. 

We therefore believe that the skin is endowed with two thermal 
mechanisms, one of which reacts to punctate stimuli and has a high 
threshold judged by the inability to respond to temperatures between 
26° C. and 37 C._ Its end-organs are strictly specific and are dotted 
about irregularly throughout the skin, in such a way that large spaces 
may be entirely devoid of heat-spots. 

The second mechanism is incapable of reacting to punctate stimula- 
tion, but responds readily to temperatures above 26° C. and_ below 
37° C., when applied over an area of some extent. The nature of this 
response depends on the temperature to which the part is adapted. 
At one moment 30° C. may seem warm, at another cold according to 
whether the skin has been previously adapted to cold or to heat 


respect ively. 


Section 2.—Pain-Spots. 


Blix [5] denied that sensibility to pain was associated with any 
mechanism analogous to the heat- and cold-spots. But in consequence 
of the widely extended observations of von Frey on various forms of 
punctate sensibility, the idea has gradually grown up that pain-spots 
exist in the skin in every way comparable to, but more numerous than, 
the cold- and heat-spots. Thus Thunberg ({28], p. 651) says: ‘ Erst v. 
Frey fand dass die Verhiiltnisse hier (for pain) ganz analog denjenigen 
der anderen Sinnespunkte liegen.”’ 

But no observations by von Frey bear such an interpretation. His 
great contribution to the subject of skin-sensibility was the introduction 
of measurable mechanical stimuli, not only for touch but for pain. He 
selected a large number of hairs of different sectional area and bending 
strain, and showed that as soon as a certain pressure per unit area was 
exceeded, pain was produced. This threshold for pain of cutaneous 
origin differed greatly in various parts of the body. If a test-hair was 
chosen which just exceeded this amount, it formed a minimal pain- 
stimulus for that particular part of the body. Such a hair will be found 
to cause the characteristic pricking sensation at a few points only. These 


are von Frey’s “ pain-spots”’ (Schmerzpunkte). But by increasing the 
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strength of the stimuli, ¢.e., by using hairs of greater bending strain, 
many more points can be discovered from which pain can be evoked ; at 
last, the number of such points within any square centimetre becomes 
so great that it is scarcely possible to map them with accuracy. 

Suppose, however, that one o: more square centimetres has been 
exaniined exhaustively and that these minimal pain-spots have been 
marked on the skin. On subsequent examination, even an hour or two 
later, it will be found that many of the spots no longer respond to the 
same stimulus; for instance, those which had previously reacted to 
75 grm./mm.” may be insensitive to hairs of less than 150 to 200 
grm./mm.°. Moreover, many unmarked places will be found to respond 
even to hairs which exert a comparatively low pressure per unit area. 
Whatever ultimate view we may take of the nature of pain-spots, 
experimental observations on their distribution are much less conclusive 
than those on the heat- and cold-spots. 

The true nature of cutaneous painful sensibility cannot be settled by 
examination of the normal skin. But the answer is given at once when 
we turn to the permanently protopathic area on the back of H.’s hand. 
Here the skin responds to temperatures below 26° C. and above 37° C. 
only, and painless stimulation of the hairs produces the characteristic 
diffuse sensation; pain extending widely, and referred to remote parts, 
can be evoked by stimulation with the stiffer test-hairs. Such an area 
is usually supposed to be in a low state of sensibility. But on testing 
with graded hairs, the threshold for pain is found to be the same as that 
for the normal skin. Sometimes, owing to the greater technical ease of 
the observations, this protopathic area gave a painful response to hairs of 
srade than was the case over an equivalent part of the normal 


a lower g 
skin. Far from being a region of defective painful sensibility, the 
threshold for cutaneous pain was here as low (1908), and possibly even 
lower than normal. This we can affirm, not only from our own 
observations, but from a careful examination made by Professor von 
Frey of that part of H.’s hand. 

But, although fully sensitive to pain, this area is entirely insensitive 
to the tactile test-hairs. Pain, instead of developing gradually out of the 
sensation of contact with a pointed object, arises without warning as 
soon as the force exerted by the “ pain-hair’’ exceeds the threshold for 
the particular spot to which it is applied. 

Within this protopathic area, in spite of the simpler condition, we 
find exactly the same inconstancy of reaction to cutaneous painful 
stimuli as in the normal skin. By using hairs which just exceed the 
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pain-threshold, two or three spots can be marked out in each centi- 
metre; these are the minimal pain-spots of von Frey. Kven these are 
inconstant in reaction, and by using hairs of greater bending strain, a 
multitude of further spots can be discovered within each square. 

Thus it would seem, that the pain-spots within any square centi- 
metre are extremely numerous and possess widely different thresholds. 
Moreover, they are inconstant, varying in sensitiveness from time to time. 

This variability and inconstancy of reaction they share with the 
heat- and cold-spots. Within the twenty-five squares on the back of 
H.’s hand, lay sixteen points where-at one time or another heat was 
evoked by punctate stimulation; of these, thirteen were marked out as 
the site of heat-spots on ten or more of the eighteen photographic 
records, that is to say three heat-spots were so inconstant that they were 
frequently missed. 

But even amongst those spots which could be discovered without 
difficulty, the threshold was by no means the same. ‘T'wo of them 
usually reacted to 38° C., but a large proportion did not respond to 


‘ 


temperatures below 40° C.; in order to be certain that every spot had 
been fully tested, we always employed an iron at about 45° C. 

When we examine the records of the more numerous cold-spots, the 
proportion of inconstant ones greatly increases. In fact, the photo- 
graphs are so diverse that we have been compelled to confine our 
attention to those which are accompanied by an explanatory key 
recording the constancy of response. Among the sixty-eight spots, 
thirteen only are present in all three sets of maps and photographs. 


The small number of the heat-spots and the complete absence of 


sensibility to heat in the intervening spaces of the protopathic skin make 
it easy to settle their number and to record their position. This is more 


difficult with the cold-spots and, with the further increase in number 


shown by the pain-spots, becomes an impossibility. Moreover, it is easy 
to be certain that no active cold-spots have escaped, by using a rod at the 
temperature of melting ice. But, with the pain-spots, a great increase 
in the strength of the stimulus leads to such deformation of the skin 
that the stimulus no longer acts in a punctiform manner. 

But in spite of the technical difficulties in mapping out the pain- 
spots, they are evidently closely allied in origin and function to those for 
heat and cold. After division of a peripheral nerve, the three sets of 
organs recover their functions approximately together, and a part may 
remain for a long period sensitive to painful and to the more extreme 
degrees of thermal stimulation only. Sometimes, regeneration may 
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stop short at this protopathic stage, and the hairless skin will then be 
sensitive exclusively to stimuli capable of exciting the pain-, heat- and 
cold-spots. This is not due to defective restoration of the nerve- 
mechanism of the spots themselves, for the cutaneous sensibility of the 
glans penis depends entirely on the activity of these spots; it is a part 
of the skin which has remained normally in a protopathic condition. 

Moreover, so long as the skin is innervated through these spots only, 
the sensation is widely diffused, and referred into some remote part which 
is constant whatever stimulus be applied, provided the area stimulated is 
the same. 

Thus, it is obvious that the cutaneous mechanism which underlies 
painful sensibility belongs to the same order as the heat- and cold-spots, 
both in the period at which it regenerates and in the nature of its re- 
sponse to stimulation. 

The heat- and cold-spots form a thermal mechanism with a high 
sensory threshold, incapable of responding to temperatures between 
26° C. and 37° C. But a cutaneous painful sensation can be evoked 
from a highly developed protopathic part as easily, and in some cases 
even more easily, than from the normal skin. It would seem at first 
sight as if protopathic sensibility was not in this case associated with 
a high threshold. 

But careful analysis of the effect produced by stimulation with 
graduated hairs shows that, although pain is produced as easily over 
highly protopathic parts as over the normal skin, the complex of sen- 
sations is different. When a hair of between 70 and 100 grm. mm.° 
is applied to the protopathic area, a sensation of localized pressure 
is produced, followed by the gradual development of the character- 
istic stinging pain. Over the normal skin, the first sensation, when 
the hair is applied, is one of a circumscribed pointed object ; to this, 
a definite painful element is gradually added. At pressures incapable 
of producing pain, the sensation of a point warns the patient that 
the stimulus, if increased in strength, may become painful. This recog- 
nition of the pointed nature of the stimulus is due to the power 
of appreciating relative size, a faculty which depends on impulses 
arising in the epicritic mechanism. 

Pain is always a high threshold sensation as shown by the fact 
that it is not evoked by punctiform stimuli until the pressure ex- 
ceeds 70 grm./mm.*. The low threshold contribution to the sensory 
complex, introduced by the existence of epicritic sensibility, consists 
in the power of recognizing that the stimulus is pointed, before the 


pressure is sufficient to cause pain. 
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In conclusion, we believe that the sensibility of the skin to painful 
stimulation depends upon organs analogous to the heat- and cold-spots ; 
and just as the latter are more numerous than the former, so the pain- 
spots exceed the cold-spots in number. With this excess is associated 
a wide diversity of threshold and a greater inconstancy of response, so 
that it is experimentally impossible to mark out with certainty all the 
pain-spots in a given area. Von Frey’s pain-spots comprise ‘those of 
the lowest threshold only, which react to the minimal punctate pain- 
stimulus for any particular area of the skin. 

The pain-spots resemble those for heat and cold in that the threshold 
of even the most sensitive is remarkably high. Stimulation of the skin 
with graduated hairs produces a widely diffused sensation of pain, with 
no antecedent appreciation of the pointed nature of the stimulus. This 
faculty first returns with the restoration of the low threshold impulses of 


the epicritic system. 


Section 3.—Touch-Spots. 


So far we have considered the reaction to punctate stimuli of three 
sets of end-organs, which recover their function early within approxi- 
mately the same period after nerve division. A portion of the skin, 
innervated by these organs only, shows sensory peculiarities which 
we have called protopathic and is entirely insensitive to cutaneous 
tactile stimuli, provided the hairs are not disturbed. 

But it is universally recognized that on the normal skin, punctate 
stimuli produce a sensation of touch. Blix described what he called 
“ Druckpunkte,” points in the skin peculiarly sensitive to touch, in 
close relation to the roots of the hairs. These observations were 
amplified by von Frey, who found that these ‘ Druckpunkte” pos- 
sessed a remarkably low threshold. He was, however, unaware of 
the phenomena of deep sensibility and did not recognize that com- 
paratively slight pressure could produce a localized sensation, although 
the skin was entirely insensitive. This name is therefore unfortunate, 
and we shall speak of “ touch-spots,’”’ whenever we allude to these sensi- 
tive cutaneous points (“ Druckpunkte ”’). 

These spots belong to a different order from those for pain, heat and 
cold. They regain their function at a much later period of regeneration, 
if the nerve has been completely divided. Thus the proximal patch on 
H.’s forearm became sensitive to prick 56 days after the operation ; 
sensibility to cold returned in 112 days, and in 161 days this part 
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responded to heat. But it was not until 366 days after the operation, 
that the same area when shaved became sensitive to cutaneous tactile 
stimuli. 

Should any part of the skin happen to remain permanently in a 
protopathic condition, it will show all the properties of punctate sensi- 
bility to pain, to heat and to cold, but will be devoid of touch-spots. 
This is the normal condition of the glans penis. 

Conversely, the skin of the “ triangle’ was sensitive to cutaneous 
tactile stimuli and was endowed with touch-spots resembling in fune- 
tion those of the normal skin. But no pain-, heat- or cold-spots could 
be found anywhere within this area. 

We have already described the close association between the return- 
ing response to, cutaneous tactile stimuli and the recovery of sensibility to 
intermediate degrees of temperature, more particularly to warmth. Thus, 
a part such as the back of the hand may remain for a long while inner- 
vated by pain-, heat- and cold-spots only, insensitive to temperatures 
between 26 C. and 37 C. and to painless stimulation with von Frey’s 
test-hairs. As soon, however, as the touch-spots reappear, the part 
will be found to have regained in addition its sensibility to intermediate 
degrees of temperature. 

Moreover, the return of function to the touch-spots is closely associ- 
ated with recovery of the power of accurately localizing cutaneous tactile 
stimuli. Before this group of sensory functions has reappeared, dis- 
crimination of two points applied simultaneously is impossible. But 
with the recovery of sensibility to von Frey’s tactile hairs, accurate 
localization and discrimination become possible. The wide radiation 
and reference into remote parts, so characteristic of the unchecked 
activity of heat-, cold- and pain-spots, ceases and is replaced by a less 
vivid sensation, restricted to the immediate neighbourhood of the point 
of contact. ‘Thus, the return of function to that sensory mechanism of 
which the touch-spots form a component, actually diminishes the sensa- 
tions associated with the activity of those organs, which are universally 
accepted as the ty pe of cutaneous sensory spots. 

Over hair-clad parts, these touch-spots are strictly associated with 
the roots of the hairs: they express the sensibility to mechanical stimuli 
of that part of the hair which lies beneath the surface of the skin. 
Almost every hair is a delicate tactile sense-organ; any movement of its 
tip is transmitted to its root with the increased power of a lever, setting 
up tactile impulses. It is not remarkable, therefore, that mechanical 
stimulation, applied directly to the hair-root, produces similar tactile 
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sensations. But owing to the want of leverage, this method of stimula- 
tion is less effective, and the force required to produce a sensation is 
higher than when the free portion of the hair is disturbed. 

Even when care is taken to touch no part of a hair lying above the 
skin, the threshold for punctate tactile sensibility is extremely low. 


Out of 303 touch-spots on von Frey’s forearm, 221 reacted to a force of 


or below 1 grm./mm. (8 grm./mm.’) ; sixty-six required 2 grm./mm. 
(12 grm./mm*), and there was not one which did not respond to 
4 grm.mm. (21 grm./mm.*). Such threshold values are roughly 
one-fourth of those required over thé same parts to produce a_ painful 
sensation. 

3ut it must not be supposed that these touch-spots are the same 
as those for pain. The majority of the pain-spots le between hairs, 
whilst on hair-clad parts touch-spots correspond almost exclusively to 
hair-roots. It must not be forgotten that a hair-root may be found to 
be the seat of both a touch- and pain-spot owing to the sensibility of 
many of the hairs, both to tactile and to painful stimuli. But, whereas 
the spaces between the hairs contain many pain-spots, touch-spots are 
almost entirely absent. Von Frey discovered three touch-spots only which 
were not definitely associated with the hair-roots, in a space of seven 
1 cm. squares on the calf of the leg. Within the same area he marked 
out seventy-seven touch-spots connected with the hairs (| 11], p. 233). 

Almost all the observations on touch-spots have been made on hair- 
clad parts of the skin; here, as von Frey has shown, they correspond to 
the subcutaneous portions of a hair. But the tips of the fingers are 
even more sensitive to the test-hairs than any hair-clad part. Thus 
the finger responds to 3 grm./mm.’, but the back of the hand requires 
12 grm./mm.*. Here the existence of definite touch-spots cannot be 
demonstrated with certainty, so numerous are the points sensitive to 
stimulation with test-hairs. 

We have shown that when any part of the skin, whether endowed 
with hairs or not, becomes sensitive to punctate tactile stimuli, it shortly 
regains its sensibility to temperatures between 26 C. and 37°C. Yet 
the heat-spots are not increased in number and do not react to thermal 
stimuli below 37° C. This return of function must be due to some 
mechanism of a different order from the heat-spots. 

In the same way, we believe that the return of cutaneous tactile 
sensibility is coincident with the restoration of function to a set of end- 
organs of a different order from the heat- and cold-spots. On hairless 
parts of the skin, such as the finger-tips, they are so thickly scattered 
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that it is impossible to demonstrate their punctate distribution. But 
over hair-clad parts they are associated peculiarly with the hairs, and 
every hair-root therefore becomes a sensory spot. 

The conclusions arrived at in this chapter can be summed up as 
follows :— 

(1) The skin is supplied by two anatomically distinct systems which 
have been called protopathic and epicritic, and regenerate at different 
periods after complete nerve division. Moreover, a part of the skin may 
be supplied by one of these systems only. Thus, the cutaneous sensi- 
bility of the normal glans penis is.protopathic, closely resembling the 
present condition of a small portion of the affected area on the back of 
H.’s hand. Conversely, the “triangle’’ was sensitive to tactile test- 
hairs and to warmth, but was completely devoid of heat-, cold- and pain- 
spots. 

(2) Protopathic sensibility depends upon specific end-organs gathered 
together within the skin to form sensory spots; the spaces between are 
insensitive to cutaneous stimuli, if the part is endowed with protopathic 
sensibility only. 

Owing to the sparseness of the heat-spots, their characteristics can 
be easily demonstrated ; cold-spots are more numerous and correspond- 
ingly difficult to investigate. The pain-sfts are so closely distributed 
throughout the skin that it is impossible to study them with the 
accuracy of the heat- and cold-spots ; but the character of their response, 
and the period at which they regenerate, show that they belong to the 


same order. 
(3) Whenever the skin is supplied by protopathic end-organs only, 


any sensation evoked radiates widely and tends to be referred to remote 
parts. These are the same, whichever kind of spot be stimulated, so 
long as it lies within the same area of the skin. 

Radiation and reference are abolished, as soon as the part becomes 
sensitive to cutaneous tactile stimuli and to intermediate degrees of 
temperature. 

(4) Any part of the skin, innervated by heat- and cold-spots only, is 
incapable of that wide adaptation to external temperatures so character- 
istic a function of the normal skin. 

(5) Cutaneous tactile sensibility is due to the activity of a sensory 
mechanism of a different order from the heat-, cold-, and pain-spots. It 
regenerates much later after complete nerve-division. The restoration 
of cutaneous tactile sensibility is closely associated with the return of the 
capacity to appreciate temperatures between 26° C. and 37° C., with the 
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power of accurate cutaneous localization and with the discrinnination of 
two points. 

Its end-organs become susceptible of investigation with punctate 
stimuli over hair-clad parts, owing to their close association with the 
roots of the hairs. But these “ touch-spots”’ (Druckpunkte of Blix and 
von Frey) are not analogous to those for heat, cold, and pain. 

(6) All protopathic sense-organs have a high threshold; the heat- 
spots do not react to temperatures below 37° C., the cold-spots do not 
respond to temperatures above 26 C. and the pain-spots on the back of 
the hand are insensitive to pressures-below about 70 grm./mm.”. 

All epicritic sense-organs have a low threshold. They respond to 
temperatures between 26 C. and 38 C., and the back of the hand is 
sensitive to 12 grm./mm.’. 

A protopathic part, whether it be the normal glans penis, or the 
affected part of H.’s left hand, is in a condition of high threshold sensi- 
bility. When the normal skin is stimulated, the defects of protopathic 
sensibility are corrected and compensated by the simultaneous activity of 
the low-threshold epicritic system. ‘Temperatures between 26 C. and 
37° C. can produce sensory impulses, and the epicritic mechanism is 
highly adaptable. The threshold for painful sensations is the same over 
normal and over highly protopathie parts, but on the normal skin the 
approach of pain is preceded by the sensation of contact with a pointed 
object. This is absent over protopathic parts. The power of recognizing 
the pointed nature of the stimulating object depends on the existence of 
epicritic sensibility, and belongs to that group of sensations by which we 


estimate relative size. 


CHAPTER XI.—GENERAL THEORETICAL CONCLUSIONS. 


Section 1—The Integration of Afferent Impulses. 


Throughout this paper we have spoken of three forms of sensibility, 
and in t1e previous chapter we gave our reasons for the belief, that they 
were associated with the activity of three anatomically distinct systems. 

Johannes Miiller believed that on stimulating the body-wall a 
specific impulse was initiated, which passed unaltered to the brain, 
forming the basis of a specific sensation. In the same way Blix [4], 
when he discovered the heat- and cold-spots, thought that the impulses 
arising in these specific organs passed unchanged through the nervous 
system to underlie all sensations of heat and cold. 
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But we have been able to show that the process is one of much 
greater complexity. Under normal conditions there are no “ proto- 
pathic’ or ‘epicritic sensations.”” These terms may be justly applied 
to two anatomically distinct peripheral systems, or to the sensibility 
with which the skin becomes endowed by the preponderating activity 
of one or other nervous mechanism. They can also be used to distin- 
guish two groups of impulses set free by stimulation of the end-organs 
in the skin. But sensations must be described solely by their specific 
qualities, and not by these names which apply to the peripheral physio- 
logical level only. 

For, as soon as they reach the first junction in the central nervous 
system, sensory impulses are transformed into more directly specific 
groups. Both protopathic and epicritic end-organs may be stimulated by 
heat applied to the skin and the resulting impulses will travel by separate 
peripheral paths to the spinal cord. There they becowhe united and 
pass on, as a single isolated group, to underlie, in the highest centres, 
specific sensations of heat. 

A similar fusion of originally separable elements occurs when the 
skin is stimulated with cold, and the intramedullary path transmits 
an equally specific group of impulses. 

In the same way, the physiological basis of a sensation of pain may 
be compounded of elements due to stimulation of the end-organs of the 
skin and of the deep afferent system. These, when united, pass up 
together in the same isolated paths devoted to the transmission of 
sensory impulses evoked by painful stimuli. 

Epicritic tactile impulses become combined with those arriving 
by way of the deep afferent system into a single tactile group. Once 
past the first synaptic junction, epicritic impulses, evoked by the lightest 
perceptible touches, become simply the minimal physiological elements 
in a tactile group, of which the maximal constituents, produced by 
pressure, arrive by way of the deep afferent system. 

But pressure acting on the end-organs of this deep system may cause 
sensations of pain in addition to those of touch. Under such circum- 
stances, the tactile impulses evoked by pressure will arrive at the spinal 
cord in company with those which underlie pain. On reaching the first 
synaptic junction, these two elements become separated. The tactile 
impulses are combined with those arriving by way of the epicritic 
system; whilst those associated with the painful aspect of pressure pass 
into a secondary path, in conjunction with impulses arising from stimu- 
lation of the pain-spots in the skin. When once the secondary afferent 
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system has been reached, no traces remain of the original grouping in 
the peripheral path (Head and Thompson [18}). 

This integration takes place on a physiological level; the whole 
process remains entirely outside consciousness. Throughout their 
passage from the periphery to the highest centres, these impulses 
undergo redistribution from the complex elementary grouping to 
something simple and specific. 

The process, so far as we have yet considered it, has been one of 
sorting only. Impulses, originated by similar aspects of the same 
stimulus, have been gathered together, although they arose in end- 
organs of different systems. When, however, we consider that a 
temperature of 45° C., applied to the normal skin, can be shown to 
stimulate the heat-spots, the cold-spots and the epicritic thermal 
mechanism, it is obvious that some of these-peripheral impulses must 
be inhibited ; they never reach the highest centres to form the basis of 
asensation. It might be objected that under normal circumstances the 
cold-spots are not stimulated by a temperature of 45° C.; but, provided 
the heat is applied directly to a cold-spot, paradox-cold is easily evoked 
from the normal skin. As soon, however, as a heat-spot is stimulated at 
the same time, the cold sensation disappears, giving place to one of heat. 
Evidently, the impulses produced by the action of 45° C. on the heat- 
spots and epicritic thermal mechanism are dominant to those evoked 


from the cold-spots. During the protopathic stage of recovery, it was 


possible to find parts where the thermal mechanism consisted of cold- 


spots only. Here even tubes containing water at 45° C. caused a 
sensation of cold. 

The behaviour of the penis forms an excellent example of such inhi- 
bition. In the case of H., the tip happens to be devoid of heat-spots 
but is sensitive to cold and to pain. When, therefore, it was dipped 
into water at 40° C., no sensation of heat was produced, but H. experi- 
enced an unusually disagreeable sensation of pain. When the water 
was raised to 45 C., this was to a great extent displaced by a vivid 
sensation of cold. But, as soon as the water covered the corona 
without reaching the foreskin, both cold and pain disappeared, giving 
place to an exquisitely pleasant sensation of heat. The corona is richly 
endowed with all forms of protopathic sensibility; but the impulses, 
which must have been evoked from the end-organs for pain and for cold 
by contact with the water at 45° C., were inhibited by those consequent 
on stimulation of the heat-spots. Moreover, we can estimate the relative 
dominance of the impulses evoked by any particular temperature. At 
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45° C., those which form the basis of sensations of pain are controlled by 
those evoked from stimulation of the cold-spots, and both recede before 
the impulses which underlie a sensation of heat. But a further rise in 
the temperature of the stimulus to about 50° C. causes a sensation of 
pain together with one of heat, and the only inhibited impulses are 
those from the cold-spots. 

The following experiment on H.’s hand shows this inhibition in a 
still more remarkable manner. A portion of the affected area in the 
neighbourhood of the index knuckle remains in a purely protopathic 
condition, and adequate stimulation of the skin still causes a vivid sensa- 
tion of cold referred to the dorsal aspect of the thumb. If this part of 
the thumb was brought into contact with a large vessel containing water 
at between 40° C. and 44° C., H. experienced a pleasurable sensation of 
heat. A cold tube was then applied to the neighbourhood of the index 
knuckle, and the impulses which would normally have evoked a sensa- 
tion of cold in the thumb were neutralized by contact of this part of the 
skin with the warm vessel. All sensations of heat at once disappeared 
from this portion of the thumb, and gave way to a new sensation, that 
of pain. As we know from experiments on the penis, temperatures of 
from 40° C. to 44° C. can evoke pain in the absence of the thermal 
mechanism. Evidently, therefore, the warm vessel stimulated the 
pain-spots in the thumb, but the impulses so caused were inhibited by 
those which underlay the sensation of heat. When these impulses 
were neutralized by the application of cold to the region of the index 
knuckle, those evoked from the pain-spots were no longer blocked, but 
passed onwards to form the basis of a painful sensation. 

Throughout the first or protopathic stage of recovery in our experi- 
ment, the vividness and extent of the reaction became greater with the 
gradual return of sensibility to pain and the increasing number of heat- 
and cold-spots. This tendency to evoke a sensation, in parts remote 
from the point of stimulation, was curtailed or even abolished, at the 
height of its development, with the first signs of returning sensibility to 
cutaneous touch and to minor degrees of heat. Had the recovery of 
sensation taken place by gradual increments, we should have expected 
the steady increase in protopathic sensibility to be associated with 
a simultaneous decrease in radiation and reference. But in no part of 
the affected area was this form of sensibility so high and reference 
so vivid as in the patch on the back of the hand, which still shows 
no signs of epicritic recovery (autumn of 1908). The return of epicritic 
impulses diminishes protopathic activity, as expressed in the sensations 
evoked by stimulation of the end-organs of this system. 
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This is proved by the behaviour of the recovering hand after it had 
been cooled. LEpicritic sensibility is liable to be affected by external 
cold, especially before it has been completely restored. At a time when 
almost the whole of the back of H.’s hand had so far recovered that 
referred sensations could no longer be produced, it was rapidly cooled ; it 
thereupon ceased to respond to cotton wool when shaved. Radiation 
and reference returned as vividly as of old, and the hand was thrown 
back into a purely protopathic condition. The newly recovered activity 
of the delicate epicritic mechanism was disturbed by the cold, and proto- 
pathic impulses previously inhibited now passed through uncontrolled. 

This control’ can be exerted even by epicritic impulses from the 
adjacent normal skin. If a cold tube was placed so that it fell wholly 
within that part of the affected hand which remains in a protopathic 
condition, a vivid referred sensation was always experienced in the 
thumb. But when the base of the tube fell partly within the abnormal 
area and partly on the neighbouring skin, reference was abolished; the 
only sensation produced was one of coldness around the spot on the back 
of the hand in contact with the tube (vide p. 420). 

The first stage of recovery after complete division of all the peri- 
pheral nerves to any part of the skin is occupied in the restoration of 
protopathic sensibility. Throughout this period, protopathic impulses 
are not inhibited; owing to the absence of the epjcritic system and 
the sensations of pain, heat and cold are not only more vivid, but are 
referred into remote parts. But none of these phenomena accompanied 
the return of sensibility to the heat-, cold- and pain-spots within the 
“triangle.” This area on the back of the wrist was from the first 
sensitive to cutaneous tactile stimuli, and two points applied simul- 
taneously within it could be discriminated; but we were unable to 
discover any signs of punctate sensibility to pain, heat or cold. Gradually 
these spots reappeared; but the sensations evoked when they were 
stimulated were no more vivid or extensive than normal. The existence 
of epicritic sensibility throughout the period of protopathic regeneration 
controlled the aberrant manifestations of this system. 


Section 2.—Sensory and Non-sensory Afferent Impuilses. 
Some afferent impulses never reach consciousness at all, but carry 
out their functions reflexly on the physiological level. To this group 
! This control can be explained by the hypothesis of drainage put forward by McDougall [23]. 


We hope to deal with this question and with dominant activity of low-threshold sensibility in 
a subsequent paper. 
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belong those which influence muscular tone, and control the condition 
of the vessels. 

But many impulses capable of forming the basis of a sensation are 
prevented under normal conditions from reaching the highest centres ; 
or, if their forward path is not completely barred, they pass on in a 
profoundly modified form, in consequence of the concurrent activity 
of other sensory end-organs. The utility of this arrangement is 
obvious, especially in the case of those impulses which underlie 
sensations of pain. ‘Temperatures of from 40° C. to 45° C. normally 
cause a pleasurable sensation of heat, although, in the absence of the 
heat-spots and epicritic thermal mechanism, pain is produced. Such 
temperatures are adequate stimuli to the pain-spots, at any rate on the 
back of the hand, but the impulses evoked are prevented from reaching 
the highest centres by the effects of coincident stimulation of the thermal 
end-organs. As the temperature rises, these potentially painful impulses 
increase in strength, until they can no longer be inhibited; they then 
form the basis of a sensation of pain. In this case, consciousness is not 
disturbed, until impulses are produced, not only in themselves of adequate 
strength to evoke a sensation, but able to overcome the inhibitory effect 
of the activity of other specific end-organs. 

In a similar way, the return of epicritic sensibility reduces the 
amount of pain caused by cutaneous stimuli, without at the same 
time raising the threshold. Radiation and reference are inhibited, 
and the pain produced by a prick is restricted to the immediate 
neighbourhood of the spot stimulated. This diminution in extent 
reduces the amount of pain suffered by the patient, although the 
measured threshold for painful sensations may be actually lower than 
during the preceding protopathic stage. 

So long as a part of the body is innervated by the end-organs of the 
deep and protopathic systems, two incompatible forms of localization 
are possible. Painless pressure will be localized in the neighbourhood of 
the spot to which it is applied; but the sensation evoked by purely 
cutaneous stimuli will radiate widely, and be referred into some 
remote part. Both forms of localization may be present in conscious- 
ness together. When a cold test-tube is applied to the permanently 
protopathic area on the back of H.’s hand, the pressure of the tube 
is localized in the neighbourhood of the point of contact, but the cold 
sensation is said to lie mainly in the thumb. Thus, the existence of 
comparatively accurate tactile localization, due to the deep afferent 
system, does not seem to inhibit or control the impulses produced by 
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stimulation of protopathic end-organs. But, when once a part of the 
body is endowed with epicritic sensibittty, reference ceases entirely. 

It has been suggested (von Frey [14]) that protopathic sensibility is 
due to anatomical changes which have taken place within the central 
nervous system, in consequence of the abnormal state of the injured 
nerve. On the other hand, we believe that this condition is due to the 
uncontrolled passage of a set of impulses, which normally undergo modi- 
fication or inhibition before they reach the highest centres. This view 
is supported by the existence of a normal protopathic surface, such as 
that of the glans penis. 

Most of the characteristic reactions obtained from a part in a con- 
dition of protopathic sensibility undergo modification with the return of 
epicritic impulses ; reference alone is completely abolished. It may be 
asked why a function apparently so useless remains, though in a condition 
of permanent suppression. The answer to this question is given by the 
existence of referred pain in disease of the internal organs. These parts 
are probably innervated, like the glans penis, from the deep and proto- 
pathic systems. But, unlike the glans, their sensibility is extremely low ; 
heat- and cold-spots must be scanty or even absent from most parts 
of the stomach and intestines. Moreover, pain cannot be produced by 
such stimuli as the prick of a pin, adequate to evoke sensations from 
protopathic parts on the surface of the body. Internal surfaces cannot 
respond to artificial stimuli, to which they have never been exposed 
during the life of the individual or the race. 

Even if a stimulus is adequate to evoke impulses from these 
sheltered parts of defective sensibility, it does not usually produce a 
sensation, in consequence of the concurrent activity of the sensory 
organs of the skin. But a sensation may be produced, whenever these 
visceral impulses become sufficiently strong to overcome this inhibition, 
or when the central resistance to their passage is in any way lessened. 
Once the path has been opened, the resistance to potentially painful 
impulses is lowered, and a weaker visceral stimulus will evoke a sen- 
sation. ‘To this diminished resistance is probably due the production of 
pain by otherwise inadequate stimuli in cases of long-continued visceral 
irritation. 

Since the internal organs are totally devoid of epicritic sensibility, a 
sensation produced within the visceral area will tend to show the same 
peculiarities as one evoked from a part supplied with deep and _ proto- 
pathic sensibility only. If the stimulus consists of pressure or of the 
movement of muscles, the patient will recognize to some extent its true 
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locality, in proportion as the part is supplied with end-organs from the 
deep afferent system. When, however, the stimulus evokes pain the 
sensation will tend to be referred into remote parts. 

Now, just as one part of the affected area on H.’s hand seemed to be 
linked with some other remote portion, so visceral sensory surfaces seem 
to be closely associated with somatic segmental areas. When pain is 
evoked, it is not localized in the organ stimulated, but is referred to 
some area on the surface of the body. 

Thus, the retention, on the primary level, of afferent impulses, which, 
if not inhibited, would lead to incorrect localization, has a_ protective 
object. To the normal organism they would be worse than useless, but 
in disease they underlie widespread pain and uncontrollable muscular 
reflexes. 

The sensory processes discussed in this chapter take place on the 
physiological level. Psychological analysis fails entirely to disclose the 
struggle of sensory impulses revealed by our experiment. Integration 
occurs as impulses pass from the periphery towards the higher centres ; 
the change is a constant one from a complex to a simpler and more 
specific grouping. Sensation, the final end of the process, assumes 
forms simpler than any sensory impulses. 

We believe that the essential elements exposed by our analysis owe 
their origin to the developmental history of the nervous system. They 
reveal the means by which an imperfect organism has struggled towards 


improved functions and psychical unity. 
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WITHIN the last few years exact knowledge of the normal move- 
ments of the eyes has made rapid advance, particularly in America, 
through the use of mechanical and photographic registering devices. 
Quantitative information is now at hand with respect to the angle- 
velocity [2, 3, 9]' and the path of the line of regard during rapid eye- 
movements [ 4-6, 8, 10-16],' the accuracy, stability and variability of fixa- 
tion under a considerable variety of circumstances [ 4, 6, 8, 10-15],! the 
ocular reaction-time [8],’ and the peculiar modifications of eye-move- 
ments which constitute short-lived motor habits [5],' pursuit move- 
ments [7],' co-ordinate compensatory eye-movements [7, 8],' and the 
movements of convergence [12]}.! 

The ease with which the photographic technique can be adapted 
to a wide variety of experimental requirements, together with certain 
peculiarities of the eve-movements themselves, led the writers to believe 
that a comparative study of the eye-movements of normal and insane 
persons might be made a fruitful contribution to our experimental 
knowledge of the reactions of the insane. 

Such a comparative study might well find its basis in any of a large 
variety of experimental data. The present investigation was limited to 
three main problems, which were relatively clear to us, and to meet 
which we framed our technique. 

The difficulties in any experimental study of normal psycho-physical 
processes are serious enough, even though one may rely on the highest 


‘Numbers 1 to 16 refer to the bibliography at the end of the paper (pp. 488, 489). 
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degreé of intelligent codperation on the part of the subject. In the 
study of abnormal mental life, additional difficulties arise from the very 
nature of the object of investigation, in direct proportion to its varia- 
tion from the normal. As Kraepelin cogently observes, lack of com- 
prehension of the experimental test, lack of ability to execute it, lack 
of interest, codperation, and of endurance, all conspire to increase the 
task of the experimenter and to modify the value of his results. The 
consequent demand for trustworthy experimental methods, which, without 
too complicated technique or too unusual demands on the patient, shall 
yield quantitative information -of significant variations from normal 
reactions, voices at once the need and the embarrassment of experimental 
psychiatry. These demands are met in part at least by the reactions 
of the eyes as they are known through their photographic records. 
Eye-movements are neither unusual nor difficult. On the contrary, 
the ability to look at a bright object which appears suddenly within the 
field of view is one of the earliest forms of motor organization to be 
achieved, and it is retained long after the ability to learn new and 
complex forms of reaction is irretrievably lost. A patient will naturally 
look at a suddenly appearing object when he could learn the simplest 
new reaction only imperfectly and with enormous waste of time. 
Moreover, while the eye-movements are intimately associated with 
the most complex mental activities, they are peculiarly inaccessible to 
subjective observation. Even the best trained observers utterly failed by 
introspection to discover some of the facts of eye-movements which are 
most conspicuous in the photographic records. For the ordinary man, 
his eye-movements are usually involuntary and unconscious; they are 
essentially a part of the mechanical preadjustments of vision, and 


consciousness is concerned with the result rather than the preadjust- 


ments. They may on occasion be consciously initiated, but once begun 
they are entirely withdrawn from conscious control. This effectually 
prevents both arbitrary modifications and successful simulation of 
pathological symptoms. Moreover, relative uniformity in the previous 
training gives unequalled opportunity for legitimate comparison between 
different persons. Probably no other form of reaction is common to so 
many different persons in so high a state of development. The nearest 
competitor in this respect are the various speech functions; but gross 
differences of individual habits and training render generalization con- 
cerning the latter more difficult. In the eye-movements, on the other 
hand, we may reasonably assume almost complete identity of practice 
and a general high grade of efficiency. 
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Finally, the technique of recording the eye-movements is relatively 
simple. By using the corneal reflection as the registering medium, there 
is absolutely no discomfort to the patient and no unusual stimulus to 
excite him, while the real purport of the experiment may be entirely 
hidden under the instructions to the patient to read exposed figures, 
letters, or short words, or simply to try if he can see anything at all on 
the black screen. 

On the other hand, the photographic procedure is not without some 
difficulties of its own. The eyelid may droop and interfere with the 
recording light without parallel interference with vision. Excessive 
head-movements may render a considerable portion of the plate 
illegible or take the patient out of focus of the recording camera. But 
the records themselves are their own vindication, and we venture to 
believe that those who can appreciate the experimental difficulties of 
securing trustworthy comparative data will find some satisfaction in 
our results, and reasonable ground for expecting more of the general 
procedure in the future. 

The most serious limitations of our technique arise from defective 
vision. Just how far this may finally be found an embarrassment it is 
difficult to predict, since the technique permits some use of correcting 
glasses. The series of experiments we undertook was planned to render 
a considerable range of visual defects indifferent ; nevertheless, in three 
cases we were compelled to abandon, the tests because of gross re- 
fractive errors. 

For both of us the most surprising feature of the experiments was 
the conduct of the patients during the tests. We anticipated a consider- 
able variety of troubles, particularly from the maniacal patients, and 
safeguarded the apparatus in a number of entirely unnecessary ways. 
Naturally the worst cases of maniacal excitement were not requisitioned ; 
but, as will later appear in detail, we succeeded in getting excellent 
records from patients that in the wards appeared utterly impossible. 

In only two cases did we encounter any unwillingness to participate 
in the tests. Something about the experiments seemed to appeal to the 
patients. The majority were helpful in getting into position and main- 
taining it. Many seemed thoroughly to enjoy the sessions; some were 
interested in the results; some were more sensitive than others to the 
blue light, as was evidenced by an occasional increased tendency to wink 
or to withdraw entirely from the apparatus, but the light was stopped 
down by blue glass so that continuous fixation produced only a mild 
and inoffensive after-image. Many of the patients apparently failed to 
notice it. 
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APPARATUS AND TECHNIQUE. 

The registering device for recording the eye-reactions was a modifica- 
tion of the Dodge photochronograph which was designed by one of the 
authors, and has been used by him practically in its present form during 
the last five years. 

As used by us it consisted of an enlarging camera of fixed length 
(about 5 ft. [153 em.]) fitted with a Bausch and Lomb convertible 
protar, Series VIIa. The device for producing a regular motion of the 
sensitive photographic plate was the Dodge-Cline falling plate-holder. 
It consists of a light-tight box 2 ft. (61 cm.) high and 7 in. (17°8 cm.) 
wide, fitted with opaque slides, and capable of quick adjustment to the 
rear of the enlarging camera like a regular plate-holder. Within the 
box a movable frame, holding a 5 in. (12°7 cm.) by 7 in. (17°8 em.) 
photographic plate, slides vertically on two brass tracks, so adjusted 
that all lateral play is taken up by springs. The movement of the 
sliding plate frame is accurately controlled by a simple hydrostatic 
device. The frame is attached to a piston-rod ending in a plunger which 
works in a vertical cylinder of lubricating oil. The valve of the plunger 
offers no resistance as the latter is raised through the oil, but it abso- 
lutely resists every effort to force it downwards. The release of the plate 
is effected by opening a stop-cock below the plunger, when the weight of 
the plate-holder forces the oil out of the cylinder at the bottom through 
the stop-cock, and returns it to the top of the cylinder above the plunger. 
The velocity of the fall is determined by the opening of the stop-cock, 
the viscosity of the oil, and the weight of the frame and plate. 

The photographic record is made on the falling plate by photograph- 
ing the image of an electric arc as it appears at the cornea of the eye. 
The rays of the are light are first passed through blue glass screens 
to eliminate the photographically useless but physiologically disturbing 
rays of the lower spectrum. Those rays which are then reflected from 
the convex surface of the cornea to the camera are brought to a focus on 
the photographic plate by the lens of the enlarging camera. 

A convenient and well-nigh necessary modification of the plate- 
holder was introduced for the first time in the present experiments. 
Since one cannot presuppose much codperation on the part of the 
insane in finding and maintaining the proper position of the head, 
it was found impossible to rely on methods of focusing that were 
satisfactory for normal subjects. A focusing and finding glass was 
consequently introduced into the falling plate-holder just below the 
photographic plate, and in the same plane. A system of automatic 
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screens was arranged, so that during the focusing process the plate 
was entirely protected from light. In this way we could quietly await 
the opportune moment and quickly adjust the apparatus to changes in 
the patient’s position. The apparent movement of the corneal reflection 
is slightly less than half the actual movement of the eves.’ 

But the actual displacement is magnified by the enlarging camera so 
that the total record is a continuous curve whose amplitude is about 
three times the actual amplitude of horizontal eye-movements, and 
whose height is determined by the velocity of the plate. Under the 
above circumstances, continuous visual fixation will be recorded as a 
straight vertical line on the falling plate, while any horizontal move- 
ment of the eyes will be indicated by an oblique line whose obliquity 
depends on the relative velocity of the horizontal and vertical com- 
ponents. 

The difference in illumination between the corneal reflection of the 
are light and its background is sufficiently marked, so that on a perfect 
plate there is no trace of other impressions except the record made by 
the corneal image of the are light. This should appear as a fine black 
hair-line on an almost clear background. No limit has been reached in 
the number of records one plate will hold, except the purely mechanical 
confusion of the lines. 

In our experiments the stimulus was so arranged as to begin coinci- 
dently with the beginning of the record. When the velocity of the 
plate is known, the duration of an eye-reaction will be given by the 
height of the vertical line of eve-fixation between the beginning of the 
record and the beginning of the oblique line of eye-movement. The 
velocity of horizontal eye-movement should be given by the obliquity of 
the line of eye-movement, ?.e., the time, as measured by the fall of the 
plate, between one fixation and its successor. 

Two series of records were made. One depended for its time-record 
on the measured length and obliquity of the lines. In the other an 
interruption of the recording light by a tuning-fork gave the time 
directly in vibrations of the tuning-fork. Notwithstanding a complex 
system of controls, our first records of the angle-velocity of the eves by 
the former method involved such serious sources of error that we were 
reluctantly constrained to abandon them as practically useless. They do 
not appear in this report. The reaction-records, on the other hand, 


For the mathematical theory of the movements of the corneal reflection and empirical 
tests of its accuracy as a measure of eye-movements, see Dodge: ‘‘ Experimental Study of 
Visual Fixation ” [8]. 
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were about equally satisfactory in both series. Each record involves a 
probable error of less than 0°01 second. 

In convenience of control and in general trustworthiness the tuning- 
fork interruption of the recording light is a decided advantage. It was 
arranged as follows :— 

An are light, with horizontal upper carbon, was mounted on a heavy 
optical bench behind a large condensing lens. In front of this lens, 
and at the point where the latter brought the rays of the arc light to a 





Fig. 1. 


The Dodge Photochronograph. 


focus, was placed an opaque screen with an opening which was so 
shaped and oriented that at each vibration of an electric tuning-fork 
(a tested Koenig tuning-fork of 100°12 c.-p. per second) the opening was 
alternately opened and closed to the passage of the light from the arc. 
A second smaller lens of 6 in. focus was so placed as to render the 
transmitted rays parallel. From the position of the subject one isolated 
vibration of the fork exposed the are light and cut it off again. With 
this interrupted light, when the tuning-fork was in continuous vibration, 
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each record of the corneal reflection appeared on the slowly falling 
photographic plate as a line of black points or dashes. From the begin- 
ning of one dash to the beginning of the next represented a time interval 
of 0°01 second. The duration of any fixation or of any eye-movement 
could be read directly from the appropriate record in units of 
0°01 second by counting the corresponding dots. 

The arc light and the tuning-fork interrupter were placed in one corner 
of the laboratory at a distance of about 15 ft. (459 cm.) from the patient. 
The patient was seated comfortably at the apparatus just in front of the 
enlarging camera. His head was held as firmly as practicable against 
a side-rest and a nosepiece. Further constraint seemed inadvisable. 
The resulting records were considerably complicated by head-move- 
ments, but our immediate interest was not a study of the spatial 
characteristics of the eye-movements, but rather a study of their 
temporal succession. For this purpose the records were unequivocal, 
except in a few cases. No patient was in the apparatus more than 
thirty minutes. Under favourable circumstances the tests occupied 
about fifteen minutes, including periods of relaxation. All records are 
for monocular vision. A black cardboard screen completely hid the 
unused eye. Three groups of tests were made on each patient at each 
sitting, and all three groups were recorded on the same plate. In this 
way each plate made a complete experimental record of a single patient 
at the time of examination. The plates were carefully numbered, and 
each number was entered in a permanent record against the name 
of the subject, with such additional notes of the clinical picture and 
conduct of the patient as seemed pertinent. 

The experiment which we undertook included three tests for distinct 


but inter-related phenomena. 


(1) Veuocity oF EYE-MOvVEMENTs. 


(a) Theory. 


The first test concerned the angle-velocity of simple reactive eye- 
movement. Experiments on normal individuals have shown a re- 
markable uniformity in the angle-velocity of similar uninterrupted 
eye-movements of the same person, quite independent of direct con- 
scious effort to move the eyes fast or slowly. There are slight varia- 
tions of the two eyes, and slight variations in successive movements, 
but under similar circumstances these variations are relatively small. 
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The first published records of the angle-velocity of the eye-move- 


ments noted a slight but clear slowing up of a rapid succession 
of eye-movements toward the end of a series of ten movements. 
This was tentatively attributed to fatigue. A series of records taken 
in connexion with a hitherto unpublished study of fatigue confirmed 
the previous findings and justified the hypothesis that retardation 
of the velocity of the eye-movements is a phenomenon of fatigue. 
Valuable as they undoubtedly would be, it was hardly to be expected 
that adequate fatigue tests could be obtained from the insane. On the 
other hand, it seemed plausible that the different disease processes, in 
so far as they affected the psychomotor processes at all, would variously 
affect the angle-velocity of the eye-movements. It also seemed probable 
that such variations in a type of movement which is equally practised for 
all subjects and is almost entirely removed from the effects of voluntary 
caprice, would furnish exceptionally trustworthy comparative data. 
Naturally, our immediate interest centred in patients suffering from 


maniacal-depressive insanity, where, as a matter of fact, the most marked 


variations from normal velocity were found, but the results of the test in 


other disease-processes are not without interest. 


(B) Experimental Conditions. 


The test for the angle-velocity of the eye-movements necessitated the 
experimental production of a considerable number of rapid reactive eve- 
movements of the first type (Dodge [7]) of approximately the same 
Taking advantage of the fact that rapid eye-movements 


amplitude. 


separate the fixation-pauses (or moments of clear vision) in reading 


g, we 


satisfied the experimental requirement by exposing a succession of 
isolated numerals in two different parts of the field of regard about 25 
apart. The reading of one numeral by the patient was the signal for 
the operator to cover it and to expose another 25° from the former. 
When the latter was read, it in turn disappeared and another was ex- 
posea where the first had been. 

The eyes rarely moved through the entire 25 from numeral to 
numeral in a single rapid eye-movement. This was entirely congruent 
with the known facts that practically every long eye-movement involves 
more or less final readjustment in the form of short corrective move- 
ments. When the object of interest is relatively obscure, like a numeral 
25° from the fixation-point, the normal end-corrective movements will 


vary from 1 


to 


Do . 


In the great majority of cases the corrective 











STUDY OF THE OCULAR REACTIONS OF THE INSANE 459 


movement is in the same direction as the initial movement. This 
indicates that the initial movement was too short. If the corrective 
movement was negative, or if it exceeded one-sixth of the total displace- 
ment, the record was discarded. The average main corrective movements 
in our accepted records is about 3°. This reduces the average displace- 
ment corresponding with our records to about 22°. 

A large black screen was placed at 18 in. (45°75 cm.) in front of the 
subject, at one side of the camera. This screen was permanent and 
served all three experiments. It was pierced by three openings in the 
same horizontal line. Two openings for the exposure of objects were 
& in. (20°4 cm.) apart. The middle opening for the passage of the blue 
recording light was 5} in. (14 cm.) from the left hand opening and 
was lost in the blind spot of the right eye when the centre of the 
left hand opening was fixed. This arrangement with respect to the 
blind spot was designed to lessen distraction by the light during the 
preliminary focusing of the camera. A movable black cardboard screen 
behind the permanent fixed screen carried a series of numerals. These 
were so oriented that as the screen fell, step by step, the numbers were 
successively exposed at the appropriate openings of the fixed screen. 
The movements of the screen were regulated by the operator. The 
signal to the operator was the reading of the exposed numerals by 
the subject. The amplitude of each movement of the screen was 
automatically regulated by an appropriate escapement. 

Before each series of experiments two numbers were exposed respec- 
tively in the left and right hand opening, the middle one being 
closed. The patient was told that other numbers would appear in 
the same places, and that these were to be read aloud as rapidly as 
possible. Foreigners were encouraged to use the most familiar lan- 
guage. With the initial movement of the screen the middle opening 
was uncovered, allowing the subdued arc light to illuminate the sub- 
ject’s eye. Four groups of these movement-records were taken for 
each subject, making, when all the lines were legible, twenty-four 
movements. This number was unnecessarily large, since the mean 
variation is regularly less than half of the unit of measurement, 
but a tendency to codrdinate winking just at the time of eve-move- 
ments together with head-movements and interrupted eye-movements 
made some of the individual records useless. 

Since the illumination of the subject’s eye was the condition of a 
photographic record, the simultaneous exposure and illumination were 
a mechanical guarantee that the beginning of the photographic record 
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was synchronous with the appearance of the stimulus to eye-movement. 
This arrangement gave the chief instrumental condition for the second 
and third series of experiments to determine the reaction-time of the 
ocular movements. 


(c) Results. 


Table I. shows the average duration of eye-movements of cr. 22 
for nine normals, twenty-one maniacal-depressives, in both the maniacal 
and depressive phases, four cases of dementia precox of the hebephrenic 
type, four epileptics, six paretics and one imbecile. 

Under each form of insanity the data are arranged according to the 
severity of the disease. The most marked cases come first. Each 
case is described at length under the corresponding number in the 
Appendix, pp. 475 to 488. All time-values are given in ze55 Second. 


TABLE I. 


NORMAL. Mania.' DEPRESSION 
1 R. D. ~~ 2 Marked. Marked. 
2 A. 59 ; .¢ . . 7 ae 
‘ > = ae . 13 = Ss. 8. ona 59 26 H. N. (a-c) 20 
: — pe, = Ma. 6=Fe SG. a ae $3 P. F. (a) 74 
ine ~ & 56 .. W.B. ... 60 299 .. RR. 77 
-_— 2 5 on eiciceiaes 9 
Female Nurses. os. J.G. ~ 55 Averag ‘ch i 66 
Sn nw «®t Average . 5d Less Marked. 
ne. AF ... 64 ec - D> - 
leg oo K. B. ‘ ‘2 
Less Marked. 
Male Nurses. a. ae «ss Slight. 
2 . We . 62 21... A. H. . 56 ; P 
.-. om .. 60 27... M.G.(e-d)... 4% Be ite 
33... K.B.(b) ... 59 High . 77—marked 
Recovered Patient. Average oi oa Low ..  651—slight 
SF ks Bee (c) cn ae HypomanIa. 
Average ae idle 59 ae . 
Low ... 1 we OF 29 .. R.R.(a) ... 65 
High... .. @ s..AF. .. & 
M.V... ue ae LO 20 .. &K.(c) ... 51 
3 au oe c= ae 
ac Bee cay: 
Average one — & 
Low ... ... 44, marked 
High ... ... 76, hypo. 


'Maniacal phase of maniacal-depressive insanity. 
? Depressed phase of maniacal-depressive insanity. 
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DEMENTIA PRCOX. DEMENTIA PARALYTICA. EPILEPTIC. 
Marked. Marked. Moderate. 
36 A. R. 62 43 D, D. ; 54 51 G. L 67 
37 M. B. 52 44 W. H. 53 52 J. F. 64 
45 A. B. . 60 53 H, O. 7 
> 7 A. 8S. 60 5 M. B. 80 
Moderate. « A , o i. 1 
Average ol 57 Average - 69 
+) G. L. .. 60 
$1 M. F. . 50 
= Less Marked. IMBECILE. 
Slight. 48 JI.P.E. 54 a RH " 
12 B. M. «56 ew . &A .. 49 oi t. H. x 
Average ' ... 56 Averagi heat ie: 


From the preceding table (1.) it 1s obvious that the velocity of the 
eve-movements of maniacal-depressive patients does not vary exactly 
with the degree of depression or of maniacal excitement which they 
present. On the other hand, it should be noted that there is some 
variation even among normal persons. In any fair evaluation of our 
data, then, one must allow at the outset for some individual variations, 
independent of all disease. The origin of these individual variations is 
(6, 9] demonstrated 


at present a matter of conjecture. LEarlier studies [ 
that the differences between individuals are not absolutely constant for 
different angles of movement, or for the same angle of movement at 
different times. But these variations are relatively small, and are due, in 
part at least, to minor variations in the action of opposed and coéperating 
muscles which are not further analysed, and which may be grouped 
together for our purposes as chance variations. But after due allowance 
is made for these chance variations, the grossness of the variations in 
the insane and certain very obvious tendencies in different diseases and 
in different phases of the same disease indicate some causal inter- 
dependence with the disease itself. 

While it would be injudicious to regard these tendencies as settled 
before our data have been materially increased, the marked variations of 
the extreme maniacal and the extreme depressive states may safely be 
regarded as characteristic. This appears not merely from Table I., but 
still more convincingly from the history of such cases as 26, H. N.., 
p. 481; 29, R. R., p. 482; and 33, K. B., p. 484. So again both 
patients suffering from dementia precox and dementia paralytica have 
abnormally rapid eye-movements, while the epileptics are notably long. 
The slow eye-movements of the extreme depressives and the quick 
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eye-movements of the extreme maniacal coincide with the general psycho- 
motor disturbances as they appear in the familiar clinical picture of 
these psychoses. Quantitative evidence of abnormal quickness of mania- 
cal movements has, however, hitherto been conspicuously lacking. On 


“--”" 


Normal Mania 142_—__ 


- ‘ 
Depressed 29.2 Paretic $4.1 Praecox +0 


Plate I. 


Plate J. is a reproduction of typical records of eye-movements. The records were projected 
by lantern and drawn from the projected image on a much enlarged scale. These drawings 
are here reproduced by process on a somewhat reduced scale. The resulting lines reproduce 
the origiral records very well, save that the dashes are relatively fainter grey in the records. 
The exact shape of each dash is not accurately reproduced. In all cases which are repre- 
sented in Plate I. the photographic plate was moving so slowly that the dots run together in 
the vertical lines, appearing as dashes only during eye-movement. The dashes represent 
flashes of light succeeding each other every 0°01 second. The paretic line, No. 44:1, is an 
extreme case of head-movement and broken lines. The broken movements are typical, the 
head-movements less so. 
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the other hand, it is again congruent with the disease-picture that the 
eye-movements, which we have found to be rapid, are secondary auto- 
matic acts, not those that require conscious direction and control such 
as have hitherto been measured; and it certainly corresponds closely 
with our general knowledge of the diffusion of the sensory impulses and 
the interaction of the higher and lower nervous centres, that these 







secondary automatic movements should reach their extreme velocity 





when the interaction of the higher nervous centres is lessened. 
The slowness of the eye-movements in the depressives and in the 
epileptics cannot be accounted for conversely by excessive interference 







of the higher centres. It seems rather to be the expression of a more 
widespread involvement resulting in a general inefficiency of the whole 
psychomotor system and including not only the higher centres, which 






appeared to be chiefly involved in mania, but also the lower centres, the 






simple reflexes, and the automatic acts. 
3eside the mere differences of velocity in the eye-movements, there 





are certain characteristic tendencies in form and accuracy of eye-move- 





ment that our technique was not designed to measure, but which may be 





mentioned in passing. Along with the increased velocity in the maniacal 





eye-movements, there is a parallel tendency to abnormal overshoots 





such as were first described in normal persons by E. B. Huey [3]. De- 





pressive eye-movements are more regular and symmetrical. The eye 





slides up into the new position as though against a gradually increasing 





resistance. 
The eye-movements of the grossly demented show marked inac- 
curacies of fixation. Advanced dementia paralytica has curious inconse- 





quential fixations, breaking the normal eye-movements at irregular 





points. 








(2) OctuLaR ReactIon-TIME TO NEW PERIPHERAL STIMULI. 









The second test concerned the simple reaction of the eye in re- 
sponding to a peripheral stimulus. Like the first test, the second also 





depended on the regular and usually wholly unconscious habit of fixing 





a numeral or letter one is expected to read. 







(A) Experimental Conditions. 







The procedure was as follows: A figure 6 was exposed in the left 
hand slit of the permanent screen. The subject’s attention was directed 
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to it with the instructions that other figures, which would appear at one 
side or other of the 6, must be read as rapidly as possible. With the 
final warning to look sharp, the 6 suddenly dropped out of sight and 1 in. 
2°5 cm.) to the right or left there appeared a different numeral. The 
exposure apparatus resembled that used in the first series of experiments. 
A special exposure screen was prepared so as to expose one figure (6) at 
the centre of the left hand opening in the permanent screen when the 
exposure screen occupied its primary position. A series of numbers was 
pasted on pieces of black cardboard which could be slipped into place 
either to the right or left of the 6 and just so far above it as would bring 
them into view by one stroke of the escapement. It only required $ in. 
(1°25 cm.) movement of the exposure screen to carry the 6 out of sight 
and to expose the new number. The movement was so rapid that it 
seemed like an instantaneous change. Without the appearance of motion 
in any direction, the one seemed to disappear and the other was in place. 
The same movement of the exposure screen uncovered the arc light and 
began the photographic record. Simply counting the dashes of which 
the record was composed from the beginning of the record to the 
beginning of the eye-movements to fix the new number gave the reaction 
time of the eye in 0°01 second. A similar experiment is described more 
in detail in Dodge’s *‘ Experimental Study of Visual Fixation’? [8]. Vocal 
reaction to printed matter or to isolated words, such as Dodge studied, 
seemed inexpedient in these tests on account of gross differences in 
education. Four ocular reactions were taken for each subject. Unfor- 
tunately, in some cases extreme head-movements made some of the 
records uncertain, while winking made other records useless. These two 
disturbances combined materially to reduce the number of available 
records. 

The small number of reactions for any one individual is a serious 
limitation to the use of our data. If we had the work to do over 
again, we are agreed that we should venture to increase the number 
of simple reactions. Our reason for limiting the number in the 
present tests was the consciousness that we were dealing with subjects 
who were abnormally susceptible to fatigue of attention. To some of 
them even four tests of the same kind seemed many. For the sake of 
comparison, we ran through a series of ten reactions each with two 
more tractable cases. The results show that, in these two cases at least, 
the smaller number did no violence to the facts. In later discussions it 
will appear that minimal reactions and the general variability are quite 
as important as the rather meaningless averages. 
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(Bp) Results. 


TABLE II. 


OF THE 








INSANE 


Simple Ocular Reactions to Peripheral Stimuli. 


(1) NoRMAL. 


l R. D. ‘ 200 
2 oe ee . 200 
wea  * . 218 
t uw We 210 
Average 206 
5 a 192 
6 r. . 249 
7 Wi. . 140 
s a was . 
_ eee Pe . 233 
ow. Ee .. 195 
Average : 208 
11 W. S. 198 
12 . & me . 825 
Average 211 
17 M. D. 222 
Average : - 222 
Average 209 
High... 249 
Low aR . 140 


€ 
(4) Dementia PR2ECOX. 
Marked. 
36 A. R. aa 
87 M. B. . 185 
38 R. B. . 258 
Average . 228 
Moderate. 
39 A. Mel. 276 
\ ” 220 
« 41 M. F. 


Slight. 


42 . BM. 152 
Average . .. 222 
High : 276 
Low 152 


(2) Manta. 
Marked. 


ae . 205 
«sm ... & 210 

7 217 
wa. ME. 225 
17... M.D. (a) 250 
ree 250 
o@ . d&.& 210 
20 ... S. K. (0) 229 
Average on .. 224 


Less Marked. 


SB «ws do oe 260 
mm . A. H. .. 215 
7... MG.@... 287 
33... K. B. (0d) 219 
Average ; ... 238 
HyPomMaNla. 
22 — ... 230 
23 <a ni 
20 S. K. (c) ... 202 
24 P. B. 170 
25 P. R. --- 230 
Average ous in, * 
Average 224 
High 260 
Low Hypo. . 170 


(5) Dementia PARALYTICA,. 
Marked. 


So . ea 
Ss ..: Wa 
So. ADB 
ae | 8 





Average os a 2a 


Less Marked. 


“eo. &@2F5. .. @® 
49 ... dA. en 


Average nie on ae 


Remission. 


@.... FA. . 193) 
Average ‘ ... 246 
High . 870 


Low 


(3) DEPRESSION. 


Marked. 


26 ... H.N. (a)... 
-... 
29 ... R.R.(c) ... 


Less Marked. 
32 ~ eee 


Slight. 
a. BB ‘ 
17 ° M. Dd. (d) 


Average 
High 
Low 


(6) EpILeptic. 
Moderate. 
ma. Soe 
52 Ze © J 
oS i 
54... M.B. 


Average 
High 
Low 





































250 
295 
173 


379 


293 


204 


266 
379 
173 


298 
228 
195 
197 


229 
298 
195 
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(c) Discussion of Table ITI. 










The simple ocular reaction-time is long. According to our records 
the normal average lies above 200c. In strict accuracy this average is 
undoubtedly too high, and should be reduced by a constant instrumental 
error of about fifteen. This error is involved in the form of the exposure 
of the peripheral stimulus. We have not tried to correct it, since it 
applies equally for all subjects, and our interest lies mainly in compara- 
tive rather than absolute time estimations. But after all corrections are 
made, these records agree with all the available data, and the simple 









ocular réaction-time is long. 

One might a priori have expected that a reaction which is at once so 
common and apparently so necessary to the welfare of the individual in 
the conduct of life would be short. On the other hand, it must be 
noted that each ocular reaction to peripheral stimuli involves a consider- 








able sensori-motor elaboration of the stimulus. The adequate reacting 




















eye-movement is not only in a definite direction, but it is also of definite 
extent. The accuracy of the eye-movement does not now concern us, 
since we measure in reaction-time only the beginning of the reactive 





movement. But the beginning of every eye-movement is really only 
the initial phase of a movement of definite direction and extent. Before 
the eye starts, the elaboration of that particular motor impulse must be 
relatively complete. An accurate account of the correspondence between 
reaction-time and reaction-accuracy is a desideratum. 

In a sense, every ocular reaction to a peripheral stimulus is not 
a simple reaction at all, but an individual adaptation to a change in the 
environment. In the past, such a reaction would have borne the mis- 
leading name of a “choice reaction.” The length of the simple ocular 
reaction, then, is not an anomaly. It corresponds directly with the 
complex but automatic elaboration of the sensori-motor impulse. 

Abnormal reactions may result from an indefinite number of changes 
within this complex sensori-motor process. This is at once the inspira- 
tion and the danger of every interpretation of complex reactions. In 





view of the possible complications, the relatively small mean variation 
for normal subjects points to a relatively stable normal oculo-motor 
systematization. It emphasizes at the same time the gross variations of 
the insane. 

The small number of per capita records forces us to consider the 
reactions, as we were led to consider the velocity of movement by 
groups rather than by individuals. Furthermore, we will again limit 
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our generalizations to such gross variations as are inexplicable on the 
basis of chance variations. 

The most conspicuous comparative feature of the results is the 
abnormally long reactions of the maniacal-depressive patients. Not only 
do they average long, but, with one exception, the average reactions of 
both the extreme and the less marked maniacal, and of all the depressed 
with one exception, are above the normal. These data are not novel. 
They agree with the reaction experiments of Franz. 

In view of the unequivocal testimony of the averages, it is somewhat 
disappointing to note that there is no direct correspondence between the 
duration of the ocular reactions and the clinical judgment of the severity 
of the disease. It is hardly an accident that in spite of the high 
averages in cases of mania the most extreme maniacal excitement 
had the shortest ocular reaction; while the maniacal group, which 
averages the longest, is that of the less marked excitement. In view of 
the complication of the reaction-process and the number of unanalysed 
factors, we feel that any hypothesis of the effect of the disease on 
the reaction must be regarded as tentative. But on grounds which 
will appear most clearly in the discussion of the pursuit-reactions, we 
believe that the inconsequential reactions of maniacal excitement are due 
to opposed tendencies in the inter-relation of the superior and the 


secondary central systematizations. 


(3) OcuLtaR PurRsvutit-REACTIONS. 
(a) Theory. 


The third series of tests was a reaction experiment of unusual 
character. The simplest and, in the end, also the most complex ocular 
reaction with which we are acquainted is the pursuit-movement in 
reaction to a moving pendulum. 

It is the simplest, in the sense that no new object of regard is 
furnished as stimulus for reaction. There is no change in the object of 
attention. An object is fixed, and the fixation lapses through the 
movement of the object fixed. The re-establishment of the lapsed fixa- 
tion involves a form of ocular reaction such as occurs on an average 
several times a minute throughout the waking day, either because the 
object moves or because of involuntary displacement of the eyes by 
bodily movements. Pursuit-reactions, as we may call them, normally 
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involve a-reaction-time slightly longer than the simple reactions to peri- 

pheral stimuli. At least one factor tending to lengthen the pursuit- 
reaction appears directly in the form of the stimulus. The stimulus 
to reaction is not given in the release of the pendulum, but only when, 
after release, the pendulum has moved some appreciable distance. 
The amount of movement that will constitute a stimulus to pursuit 
will depend on the training of the subject and the accuracy with which 
he maintains his fixations. 

Paradoxical as it might at first seem, the total pursuit-reaction 
finally involves more extensive psychomotor elaboration than any other 
ocular reaction that we know how to produce. As is now well known 
(Dodge [7]), the true pursuit eye-movements are totally different in func- 
tion and character from the rapid reaction-movements of the eyes by 
which peripheral objects of interest are fixated. The rapid movements 
are relatively constant in duration, and they constitute moments of 
practical blindness. The reason for this eye-movement blindness is still 
under discussion. There is no debate concerning the fact. The pursuit- 
movements, on the other hand, vary in angle-velocity with the angle- 
velocity of the moving object. The eyes move fast or slowly as the 
object moves fast or slowly. Moreover, the pursuit-movements are 
pre-eminently moments of relatively clear vision. It is because we wish 
to see an object clearly that we move the eyes as the object moves and 
keep its image on retinal areas of relatively clear vision. Furthermore, 
the psychomotor elaboration of the simple ocular reaction is fixed by the 
long-established habit of bringing excitations of the peripheral retina to 
areas of clear vision. The psychomotor elaboration of the pursuit-move- 
ments, on the other hand, is in practically each instance of pursuit an 
unique pyschomotor problem. ‘The reaction to pursuit is fixed and 
habitual enough, but the velocity of the eye which shall correspond to 
the velocity of the object at the distance it chances to be can scarcely 
ever be a motor habit. To be a successful pursuit there must be an 
adaptation of the general pursuit tendency to the peculiar condition of 
each separate instance. Especially in the pendulum pursuit-movements 
are these conditions so various as to present, in each new case, practically 
unigue conditions. Angle-velocity, apparent amplitude, and period of 
oscillation would all be alike only if pendulums of the same length 
swing through the same are at the same distance from the eye of the 
observer. Yet unique as each case actually is, a normal eye will fall 
into an adequate pendulum pursuit-movement with surprising quickness 
and accuracy. In every normal individual the very first fixation after 





















































STUDY OF THE OCULAR REACTIONS OF THE INSANE 469 


the initial reaction to a moving pendulum has the characteristic true 
pursuit-slide, even though it usually corresponds in angle-velocity to the 
first part of the pendulum swing, and is consequently too slow. Let 
us emphasize the fact: for normal individuals, however inadequate 
the first attempt to fix the moving object may be, it always has 
the characteristics of a true pursuit-movement (see Plate 2, lines 
1, 10, 11). 

The return swing of a second pendulum is usually followed with 
precision, except at or near the middle of the arc of oscillation, when one 
or two short, sharp, rapid movements break the simple pendulum 
pursuits. The character of these pendulum pursuits scarcely alters, 
even after a large number of experiments under the same objective 
condition. Each new pursuit seems to be solved de novo, and the short- 
lived motor habits involved in every adequate pursuit seem to be lost 
when the pursuit is interrupted [8]. 

This ability to elaborate adequate pursuit-movements, 7.¢., to adopt 
an adequate motor response to the peculiar situation presented by the 
rhythmic movements of an object, varies widely in mental disease. In 
some respects, the most marked variations are found in the pendulum 
pursuit-movements in dementia precox, where a marked hesitation 
to fall into the swing of the pendulum was found even in the mildest 
cases. While this peculiarity is apparently not absolutely restricted 
to dementia pracox, it was found in other patients only where the 
disease-process has produced marked deterioration. 


(B) Experimental Conditions. 


The instrumental device for producing the pursuit-reaction and the 
subsequent pursuit-movements was a number attached to the bob of a 
second pendulum. The latter hung just in front of the fixed screen 
With its axis vertically above the middle point between the extreme left 
and right hand opening. Before the experiment the pendulum was held 
out of equilibrium in front of the left hand opening by a simple catch 
attached to a falling screen in the usual place behind the fixed screen. 
This falling screen was released by the operator, as in the other experi- 
ments, and the release of the screen simultaneously started the 
pendulum and opened the way for the recording beam of light. In 
every case the patient was previously shown how the pendulum moved 
and was then requested to watch the number closely, to keep his eyes on 
it, not to lose it, watch it, Xe. 
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TABLE III. 


Ocular Reactions in Pursuit of a Moving Stimulus. 
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TABLE IV. 


Table of Comparison of Averages. 


NORMAL. DEPRESSION. DEMENTIA PARALYTICA. 
Mvt. Reactions Pursuit- Marked. Marked. 
reactions 
m¢ or o% — Pursuit s — Pursuit 
59 ,_ ae . 239 Myvt. Reactions —_sactions Mvt. Reactions Rehan vl 
69 ... 239 aoe 301 57 . 267 ose 294 
MANIA. 
Marked, Less Marked and Slight. Total. 
& 99 » : > e = ule . 
54 224... 248 61 ... 295 ... 287 55... 246 ... 281 
Less marked. : 
i a ° DEMENTIA PR2cox. EPILEPTIC. 
00 238 : 259 
Moderate, Marked and 69 ... 229 _ 238 
HyPoMANIA. . Slight. 
62 . e -« 56 ~ so: ae 


(D) Discussion of Table III. 


In all classes except in moderate depression the pursuit-movement 
reaction averages longer than the simple ocular reaction. The differ- 
ences between the two, however, are not constant. Even in the group 
of normal persons the differences are not constant. The variations, 
however, allow of some degree of classification. It must be remembered 
that the stimulus to pursuit-movement is not mechanically fixed as 
was the stimulus to a new peripheral stimulus. The movements of 
the pendulum operate as a stimulus to pursuit only when the lapsed 
fixation in some way makes itself felt through the indistinctness 
of the object. For the trained observer it operates almost imme- 
diately. For the less trained it operates only after the pendulum has 
moved some clearly appreciable distance. The mean difference between 
pendulum- and pursuit-reactions for normal observers under the condi- 
tions of our test was approximately 30¢. This average difference holds 
approximately the same for precox and for the longer reactions of 
paresis. It does not hold for maniacal-depressives. But the individual 
variations are so great that the maniacal-depressive differences can 
scarcely be spoken of as characteristic. It does, however, constitute 
additional evidence of a high degree of disturbance of those complex 
superior central processes which are usually grouped under the general 
name of attention. Further evidence to the same effect comes from 
a consideration of minimal reactions, which are given in Table V. 
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TABLE V. 





Table of Minimal Reactions. 
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Discussion of the Table of Minimal Reactions (Table V.). 


In some respects the minimal reactions for any well-established 
type of reaction is more instructive than the average reaction. The 
minimal reaction shows the reflex systematization in its highest state 
of efficiency. The mean reaction indicates the average state of efftici- 7 
ency. The two differ from one another by the mean value of all those f 
disturbing elements that may complicate the reaction-process. It seems 
to the writers a very significant fact that the average minimal reaction 
of extreme maniacal excitement is below the average minimum of normal 
subjects. It is not much below the normal, but it is not above it as the 
total average is. Moreover, the mean variation of the minimal reactions 
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is approximately the same as the mean variations of the averages. This 
consistent uniformity is not accidental. In connexion with the adequate 
pursuit-reactions it seems to the writers to constitute unequivocal evi- 
dence that the oculo-motor systematization is not seriously disordered 
in acute mania. The large mean value of disturbing elements consti- 
tutes the final point that we have to offer in the cumulative experimental 
evidence that extreme mania involves a marked disturbance of the con- 
trols normally exercised by the superior central systematizations. 

This seems to the writers to coincide closelv ‘vith the general clinical 
picture of marked raania. The motor organization even for complex 
acts is not lost. The incapacity for regular employment is flagrantly 
due to gross disturbances of the normal controls within the higher 
systematizations. ‘Tentatively, at least, we may picture this in terms 
of an inhibition of the free interaction of the various factors in the 
normal complex superior organization. 

Provided there is some intrinsic retardation of the intermediate 
systematizations, like the simple oculo-motor reflexes, we should expect 
to find the total evidences of maniacal excitement less marked. In such 
cases we should expect the minimal reactions to be long as well as the 
average reactions. ‘This is actually the case in less marked mania. It 
looks as though the inhibitory processes involved in the disease were 
affecting lower centres. The climax of this downward progression seems 
to be reached when, in extreme depression, the resistance to neural inter- 
action involves the simplest reflexes. 

In contrast to the differential increase of resistance to neural 
activity as found in the maniacal-depressives, our experimental data 
from the demented point to a general disorganization of the central 
systematizations. 

In dementia paralytica the entire nervous system is involved in this 
disorganization, as is shown by the marked retardation, and the ineffici- 
ency of the simplest, as well as of the higher reflexes (patellar, pupillary, 
and cerebellar). 

In preecox the disorganizations seem to be primarily limited to the 
superior systematizations. This is shown negatively by the rapid eye- 
movements, normal oculo-motor reactions, and positively by the difficulty 
of adopting adequate reactions to new conditions of the environment, as 
in the pursuit-movements. This latter peculiarity of pracox patients 
has a practical as well as a theoretical interest. 

Practically, it is an important differentiating symptom between 
moderate maniacal excitement and developing przecox, ?.e., between two 
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psychoses whose differential diagnosis is of the utmost importance and 
often of the utmost difficulty. Unfortunately the faultiness of t! e 
pursuit is not easily detected by direct observation. Photographic 
registration, although remarkably simple as a scientific technique, is 
rather too expensive in time and apparatus for regular professional use. 
If the matter prove worth while, a simplified recording apparatus is 
probably the only safe and practicable solution. It would seem strange, 
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41 43 4347 48 5153 52 
Praecox D.Paralylica Epileptics 


Plate II 


Plate II. is reproduced from drawings of typical pursuit-reaction records. It shows most of 
the typical variations of the visual pursuits so far as they were not complicated by gross head- 
movements. The lines accurately reproduce only the general configuration of the pursuit. 

Fach line, reading from the bottom up, represents one complete pursuit-swing correspond- 
ing to a double oscillation of the second pendulum. Since the release of the pendulum and 
the beginning of the record are synchronous, the straight line at the beginning of each record 
gives the reaction-time. The reaction begins with a sharp horizontal movement to the right. 
This is followed by the slow pursuit swing, which is more or less adequate according to the 
nature of the disease. The precox pursuits, Nos. 36 and 41, are typical. In mild cases the 
hesitation to adopt the pursuit-swing is less pronounced, but it is regularly shown by straight 
lines somewhere in the pursuit. The maniacal pursuit shows a tendency to get ahead of the 
pendulum (see upper part of lines 14, 23 and 25). This tendency sometimes appears in the 
first positive acceleration of the pendulum in maniacal cases. It is not entirely absent from 
normal pursuits or from moderate depression. In the latter cases, however, it is very rare. 
Other modifications of the pursuit are suggestive, but at present they permit no generalized 
statement. 

The double breaks in each record are occasioned by the swinging of the pendulum through 
the recording beam of light. 
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however, if similar phenomena cannot be found in other forms of 
reaction which are more accessible to direct observation. 

The theoretical bearing of the inadequate ocular pursuit-movements 
of precox we have already mentioned. It was not overlooked by us 
that the simplest explanation of the phenomenon would be to coérdinate 
it with those processes which are ordinarily grouped under the head of 
faulty attention. This explanation seems to us untenable on the follow- 
ing grounds :— 

(1) Equally grave defects of “ attention ” exist in maniacal excitement 
without parallel difficulty of pursuit. 

(2) The reaction-times do not indicate gross defects of ** attention ”’ 
in moderate praecox. 

(3) Reasonable ‘“attention’’ and effort at pursuit are both clearly 
indicated in the number and character of the short corrective move- 
ments. 

Finally, the phenomenon seems to connect itself naturally with 
certain characteristic clinical observations of praecox as one manifestation 
of the patient’s inability to adapt himself to new and unusual require- 
ments of his environment. Put technically, it is the patient's inability 
to adopt adequate short-lived habits in response to a new recurrent 
situation. There is some clinical evidence that this motor phenomenon 
rests on a basis of faulty elaboration of the perceptual data. Our experi- 
ments indicate that the intellectual defect is a matter of inadequate 
appreciation rather than a matter of attention. 

The writers take this opportunity to express to Dr. H. 5. Noble, 
Superintendent of the Connecticut Hospital for the Insane, their cordial 
appreciation of his sympathetic interest and encouragement which made 
this series of experiments possible. 

The Appendix contains a brief account of each case by Dr. 
Diefendorf, together with all the unambiguous comparative data from 


the photographic records. 
APPENDIX. 


NORMALS. 


Mvt. Simp. R. Pend. R. 
1. R.D., practised ... poe . No 19 .. 200 =... ~=210 
Av. 59 235 «ss 
180... 480 
210 
200 ~ 
198 
















ARTICLES AND CLINICAL CASES 





ORIGINAL 





3. Wh., student ; , be 7 « SB . 2 
Av. 61 930... 256 
206 


~— 243 


215 
4. Wr., student a Ps ; No 8 .: 990 ... 920 
Ay. 60 200 ... 200 
310 ... 310 

200 
—- 210 

210 

5 to 10.—Female Nurses. 

5. H., aged 64 : “3 Series «. 9390 ... 993 
I. No G6 ... 373 
Mvts. 304 ... 360 


166 ... 273 


192 274 

6. T., aged 65 : is os Cotes .. 90 .. BS 
I. No 230 ... 373 

Mvts. 256 287 

249 284 

7 Wi., aged 67 ios Sie - Series ... 153 ... 199 
I. No 138 ... 205 

Mvts. igs (|... 382 

148... 79 

140 216 

8. C., aged 69 _ ... Series ... 251 230 
I. No 343 +... 179 


Mvts. 


Mvt. Simp. R. Pend. R. 
2. A., student Be 3 me’ .. 10 .. 0 
Ay. 59 ... 23230 ... 240 
260 
200 ae 








































4 


oe 


~g> 





9. 


10 


11. 


13. 


STUDY OF THE OCULAR REACTIONS OF THE INSANE 


Ll., aged 45 


E. F., aged 46 


Male Nurses. 


W.S., aged 38 


J. R., aged 39 


Mvt. 
No. 26 


Av. 60 


a 
or bo 


No. 24 


Ay. 62 


Av. 60 


Recovered Patient. 


See 17, M. D. (c) for full record 


MANIACAL-DEPRESSIVE 


Av. 60 


INSANITY 
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S. S., F.,) aged 49. Second attack of 


two months duration. A. T.°—Extreme 


pressure, with impulsiveness. Marked 
spontaneity, flight of ideas, distracti- 
bility, and irritability. I. A.—Held with 
great difficulty. Many readjustments 
necessary. Shouted. Commented. Added 


figures. 
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J.C., M., aged 51. Numerous attacks of 
maniacal phase. Present attack of two 
months duration. A. T.—Marked pres- 
sure. Spontaneity. Flight of ideas. 
Elation. Distractibility. Marked im- 
pulsiveness and destructiveness. Person 
smeared and naked on ward. I. A.—Sur- 
prisingly tractable and helpful. Shouted 
responses. 

Second plate several days later. Same 
conditions. 


W. B., M., aged 30. Third attack of 
eight months duration. A. T.—Extreme 
pressure. Marked productivity and flight 
of ideas, distractibility, emotional irrita- 
b lity and elation. I. A.—Tractable, 
loquacious, distractible. Sluggish. Eye- 
lids sagged. No legible reactions. 


M. M., F., aged 38. Second attack of 
two months duration. First of five 
months duration. Lucid interval of 
seventeen months. A. T.—Marked ex- 
citement. Extreme pressure. Flight of 
ideas. Irritable. Violent. Destructive. 
Untidy. Partial orientation. I. A. 
Remarkable self-control. Obvious sup- 
pressed excitement. Voice loud. Many 
comments. 


M. D., F., aged 26. Five years dura- 
tion. For the last three years regular 
alternation from depressive to maniacal 
phase without lucid intervals. <A. T. 

Marked pressure. Elation. Distracti- 
bility. Flight of ideas. Noisy. Irrit- 
able moods. Tore clothing. No de- 
terioration. I. A.—Tractable. Com- 
plained that pendulum was blurred. 
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Same at second experiment. Just passed 
Slight retardation 


without despondency. Exaggerated feel- 


to depressive state. 


ing of incapacity. 


Normal. 


Same five months later. 


T. S., M., aged 67. 
three months duration immediately pre- 


Maniaecal phase of 


ceded by depressive phase of fourteen 
months duration. A. T.—Considerable 
pressure of activity. Busyness. Con- 
stant speech. Flight of ideas. Increased 
irritability, with elation. Distractibility. 
I. A.—Talked constantly. 


correctly and rapidly. 


Responded 


J.G., F., aged 52. Recurrent attacks 


for many years, both maniacal and 
depressive. A. T.—Maniaecal phase of 
two months duration. Considerable 


pressure. Great productivity. Dis- 


tractibility. Increased irritability pre- 
dominating elation. I. A.—Loud re- 
sponses. Movements seemed deliberate. 
Kept in position with difficulty. At 
times refuses to open eyes. 


Same. Series of ten reactions. 


S. K., M., aged 40. 
tion. For last three passed immedi- 


Right years dura- 


ately from one maniacal state to another, 
No de- 


terioration. A. T.—Marked excitement. 


average six months duration. 
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pulsive outbreaks. Consciousness clear. 
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31. L. K., F., aged 63. Maniaecal excite- No. 25 ... No.4 ... No.4 
ment after moderate depression. See Av. 60 260 260 


description under depressive phase, less 


marked, 31 (4) and (ce). 


91. A. H., M., aged 73. Third attack of No. 5 ... (265) ... 220 
six months duration. A. T.—Irritability, Av. 56 215 ... 210 Py 
with predominating elation. Pressure 240 ... 220 
of activity. Flight of ideas. Distrac- 190 ... W. 


tibility. I. A.—Very tractable. Re- 





sponses correct and rapid. No evident 215 217 
disturbance of attention. 
27. M. G., F., aged 60. Moderate mania No. 22 No. 3 ... No. 6 
after extreme depression. See deserip- Av. 47 257 305 
tion under depressive phase, marked, 27 
(c) and (d). 
33. K. B., F., aged 44. Moderate mania No. 14 ... No.4 ... No.4 
after moderate depression. See deserip- Av. 59 219 255 4 





tion under depressive phase, less marked, 


33 (bd). 








HYPOMANIA. 









G., M., aged 18. First attack eighteen Av. 50 ... 220 ... 220 








months duration. A. T.—Slight pres- 230 ... 210 
sure. Mischievous and boisterous. Con- 260 ... 220 
siderable spontaneity of speech with 210 ... 200 
rambling thought. Distractibility. Ivri- _— 210 
tability. I. A.—Excellent behaviour. 230 200 





Held himself. 









29. R. R., F., aged 14. Hypomania pre- Av. 65 Av. 220 
ceding marked depression. For deserip- 






tion see under depressive phase, marked, 
29 (a). 















23. 


20. 


4 26. 





STUDY OF THE OCULAR REACTIONS 


P. A., F., aged 59. Many attacks, 
mostly maniacal, for thirty-three years. 
\. T.—Just emerging from maniacal 


phase of two weeks duration. Slight 


irritability, distractibility and loquacity. 


[. AA—Quite tractable. Commented on 
apparatus and added figures. 


S. K., M., aged 40. Hypomania follow- 
ing pronounced maniacal state. For de- 
scription see under maniacal phase, 


marked, 20 (ce). 


P. B., M., aged 27. Second attack of 
two weeks duration. A. T.—Moderate 
busyness. Slight elation. Flight of 
ideas, spontaneous speech. I. A.—Ex- 
cellent behaviour. Good interest. 


P. R., M., aged 20. Second attack of 
three weeks duration. A. T.—Moderate 
irritability and impulsiveness. I. A. 
At first irritable, then more tractable 
and pleasant. 


MANIACAL-DEPRESSIVE 


Depressive Phase, 


H. N., F., aged 34. Second attack. Two 
months duration. Three days before 
test patient suddenly changed overnight 
from active maniacal state to stupor- 
ous state. A. T.—Profound retardation 
of thought, attention and action. Com- 
plete disorientation. Fogged conscious- 
ness. Feeling of inadequacy. I. A. 
Somewhat resistant. Slow, partially 
inaudible responses. Better at end. 
Same next day. Condition unchanged. 
Responded only after urging. 

Same next day. Slight improvement. 
Series of eight reactions as test. 


OF THE INSANE 
Mvt. Simp. R. 
No. 19 230 
Av. 76 240 
220 
210 
225 
No. 19 202 
Ay. 51 
No. 6° 150 
Ay. 61 190 
170 
No. 10 (390) 
Av. 70 240 
240 
210 
230 
INSANITY. 
Marked.. 
(a) 
No. 9 935 
Av. 53 275 
250 
(h) 
No. 7 240 
Av. 55 200 
200 
250 
922 
(c) 
No. 11 No. 8 
Av. 56 Av. 206 


M. V. 20 


{81 
Pend. R. 
260 
250 
200 


250 


240 


212 


140 
170 


315 


220 


Pursuit 
on second 


swing. 


No 
pursuit. 


No 


pursuit. 
















27. 


(b) 


(c) 


(d) 


28. 


29. 
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M. G., F., aged 60: For years alter- 
nating attacks of maniacal-depressive in- 
sanity without lucid intervals. No 
evident deterioration. A. T.—Extreme 
Marked retardation. No 
voluntary speech or activity. Almost 
inaudible replies. Marked self-accusa- 
tion. Without illusions or hallucina- 
tions. Perfect orientation. I. A.—Slow 


despondency 


faint responses. 

Same several days later. Retardation 
less marked. Occasional remark. En- 
trance and exit from room now without 
prodding. Reactions apparently good. 
Same five months later. Moderate 
mania with slight pressure. Moderate 
distractibility and flight of ideas. I. A. 
—Tractable. Poor attention. 

Same next day. Still more distractible 


owing to presence of visitors. 


M.C., F., aged 45. Third attack of mani- 
acal-depressive insanity, depressive phase 
of nine months duration. No hallucina- 
tions, illusions or deterioration. A. T. 
Marked retardation evident in attention, 
train of thought and volition. No volun- 
tary speech. Meagre and slow responses. 
Various delusions of  self-accusation. 
Emotionally depressed and apprehen- 


sive. 


R. R., F., aged 14. Numerous attacks 
of maniacal phase and one of depressive 
within last twelve months. A. T.—(a) 
Hypomania. Moderate elation, produc- 
tivity, flight of ideas and distractibility. 
Busyness. I. A.—Tractable. Excellent 
reactions. 


CLINICAL CASES 


Mvt. 


(}) 
289 
279 
318 
295 
(c) 

No. 8 

Av. 46 
(d) 

No. 14... (420) 

Ay. 48 280 
260 
230 
257 
(a) 

No. 12 

Av. 65 


Simp. R. Pend. R. 






408 
369 
244 
494 
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300 
280 
290 







Ce 





290 


































350 
320 
300 


323 


228 


291 d 


246 


~_ 


ee, 
240 
190 
230 


220 
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dl, 


(d) 
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Mvt. Simp. R. 
(d) 
Same six days later. Marked depressive No. 26 ... 230 ... 
stage. Profound despondency. Extreme Av. 70 170 
retardation. No voluntary speech. Slug- IFO sce 
gish movement. I. A.—Timid. Shrink- Se 
ing from nose-piece. Responses slow, —— 
almost inaudible, and only after urging. 188 
(c) 
No. 20 170 
Av. 77 iB xs 
y ae 
173 
L. W., F., aged 57. For fifteen years 
recurrent attacks of maniacal-depressive 
insanity without lucid intervals. A. T. 
~Depressive phase of two years dura- 
tion. Pronounced retardation of thought, 
attention and volition. Very little spon- 
taneous speech or activity. Deep emo- 
tional depression, without delusions. 
Good orientation. Some deterioration 
in memory and judgment. General 
indifference. 
Depressive Phase, Less Marked. 
L. K., F., aged 63. For many years (a) 
alternating attacks of maniacal and de- Series ... 324 
pressive phases without intermissions. I. No — 
A. T.—Emerging from depressive attack Mvts. 324 
of several months duration. Consider- 
able retardation of thought, volition, and 
attention. Little voluntary speech. Low 
tones and slow responses were explained 
by patient as results of ~ difficulty of 
thought.”’ Sad and wished to die. No 
hallucinations or delusions. Good orient- (d) 
ation. Clear consciousness. I. A. No. 13 
Tractable. Av. 60 


Same five months later. Maniacal ex- 
citement. Busyness. Volubility. Pro- 
nounced elation. Distractibility. I. A.— 
Tractable. Good attention, 
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Pend. R. 


240 
240 
210 
200 
222 
260 
230 
210 


229 


230 
300 
350 
369 


339 








33. 


(b) 
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(c) Same several days later. Still more 


maniacal. Great pressure and produc- 
tivity. Great distractibility. Difficulty 
in reading figures. Many mistakes. . 


P. F., M., aged 28. For four years 
numerous attacks of maniacal-depressive 
insanity. At first alternate depression 
and elation, of several months duration, 
with brief lucid intervals. During past 
year attacks were shorter, more severe 
and without lucid intervals. <A. T. 
Marked despondeney with retardation. 
Dejected and lachrymose. Moved from 
seat in ward only occasionally, after 
insistent prodding. Meagre replies. Com- 
plained of numbness, &ec. No hallucina- 
tions or delusions. Good orientation. 
No deterioration. 

Same several days later. Mild maniacal 
excitement of two days duration. Mild 
pressure of activity, talkativeness and 
flight of ideas, and distractibility. Elated. 
Talks of future work. Disoriented as to 
time. Same several days later. Another 
depressive phase. Refused to enter ap- 
paratus. 

Same five months later. Profound re- 
tardation. Slight elation and occasional 
smiles. I. A.—Tractable. Good atten- 
tion. Retardation too pronounced to 
read figures. 

<. B., F., aged 44. Two months dura- 
tion. A.T.—Pronounced retardation of 
thought, attention, and volition. Self- 
accusatory delusions. Considerable ap- 
prehensiveness. I. A.—Tractable. Poor 
attention. Needed constant prodding. 
*” Felt sleepy.” 

Same two days later. Moderate maniacal 
phase, JBetter attention. tesponses 
more audible and rapid. 


ORIGINAL ARTICLES AND CLINICAL 


Mvt. 
No. 12 
Av. 60 
No. 7 
Av. 69 
No. 11 
Av. 74 
No. 5 
Av. 72 
No. 14 
Av. 59 


CASES 


Simp. R. 


(c) 

280 
290 
240 
230 


260 
(a) 

398 
360 


379 


216 


(¢) 
Refused 


to react. 


(a) 
None. 


Pend. R. 
w 
None 
taken. 
Not 
clear. . 
; 
None. 
“A 
240 
190 
290 
300 
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Depressive Phase, Slight. 


T. B., F., aged 29. In third attack of 
maniacal-depressive insanity. First at 
21 was depressive. Second at 28 was 
maniacal. Present attack of six months 
duration is mildly depressive. No de- 
terioration. A. T.—Perfect orientation. 
Retardation evident in train of thought 
and general lack of activity. Little 
voluntary speech unless questioned. 
Speech slow and low. Profoundly de- 
jected and somewhat lachrymose. Some 


self-accusation. Otherwise no delusions. 


M. D. For full description see unde 


maniacal phase, marked, 17 (0). 


DEMENTIA PR 


Hebephrenic Marked Dementia. 


\. R., aged 36. Thirteen years dura- 


tion. A. T.—Extreme apathy. Indo- 
lence. Paralysis of thought. Silly 
laughter. Blunted attention. Faulty 


judgment. I. A.—Poor attention. Eyes 
apparently wandered everywhere. In 
only one of the four reactions were the 
figures read. 

M. B., F., aged 32. Seven years dura- 
tion. A. T. 


of thought. Residuals of former erotic 


Desultoriness. Paralysis 


delusions. Occasional hallucinations of 
hearing. Pronounced defects of memory. 

Es Apprehensive. Marked head- 
movements. Faulty attention. Figures 
were apparently read rapidly. 

R. B., F., aged 26. Six years duration. 
Marked impairment of memory and 
intellect. Marked emotional deteriora- 
tion. Extreme paralysis of thought. 
Complete disorientation. Inability to 
care for herself. 1. A.—Attention poor. 
Jerky head-movements. Shut her eyes 
and looked languidly about. Speech re- 
actions slow or wanting. Records largely 
illegible owing to head-movements. 


Mvt. 
No. 13 
Av. 51 


ECOX, 


No. 10 
Av. 62 
No. 


12 
Av. 52 


Series 
I. No 
Mvts. 


INSANE 


Simp. R. 
250 
240 
390 


293 


280 
240 
200 


240 


L190 
180 


48 


Pend. R. 
300 
310 
300 


303 


260 


350 


200 
190 
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| 


Moderate Dementia. 


Mvt. Simp. R. Pend. R. 1 
39. <A. Mel., F., aged 19. Twenty-one (415) ... 246 | 
months duration. A. T.—Moderate de- 392 ... 167 | 
mentia. Residuals of former grandidse 260 _ 4 
delusions. Moderate defects of memory, 207 
paralysis of thought and will. Emotional 276 
deterioration. Oriented and without 
hallucinations. I. A.—Adapted herself 
readily to the apparatus and seemed to 
respond easily. Slight apparent retarda- 
tion. 
40. G. L., M., aged 30. Several months No. 13... (420) ... 290 | 
duration. From onset moderate de- Ay. 60 260 
spondency with delusions of self-accusa- 240 


tion, reference and persecution. Occa- 250 
sional hallucinations of hearing. I. A.— ‘ 





Excellent behaviour. Good interest and 260 
attention. 
41. M.F., M., aged 31. One year’s dura- No. 13... 210 ... 250 
tion. A. T.—Constant aural hallucina- Av. 50 200 ... 210 
tions. Consciousness clear. Orienta- 250 ... 180 
tion perfect. Slight defects of memory. 220 
Some paralysis of thought. Persecutory 220 
and somatic delusions. Diminished emo- 215 
tional and volitional activity. 
} 
Slight Dementia. @ 
42. B. M., M., aged 26. Twelve months No. 17 ... 150... Straight. | 
duration. A. T.—Slight emotional de- Av. 56 160 ... 230 
terioration. Laziness. Occasional silly 150 ... 320 
laughter. In all other respects apparently 150 ... Wink. 
normal and ready for discharge. I. A.— - ~ 
Splendid behaviour. Answered with un- 152 279 
usual promptness, and seemed interested. 
DEMENTIA PARALYTICA. 
3 
Marked Dementia. 
43. D. D., M., aged 42. Two years dura- No. 11 ... 370 ... 290 
tion. A. T.—Advanced physical signs. Av. 54 390 ... 420 
Still able to care for himself. Totally 350 ... 550 
incapable of simplest labour. Note. — 520 
The first two pursuits contain one straight 370 —— 
line each. 445 
ooh 
: 
: 
——— as Se _ cn = — 








} 
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Mvt. 
W. H., M., aged 48. A. T.—Extreme No. 7 
dementia. Pronounced physical signs. Av. 53 


Patient died one week later in apoplectic 

seizure. I. A.—Held without difficulty. 
Responses apparently slow. 

A. B., M., aged 43. Three years dura- No. 2 
tion. A. T.—Advanced dementia with Av. 60 
marked physical signs. I. A. Held 


pe sition with difficulty. 


\. S., M., aged 42. Three years dur- No. 20 
ation. 2. Advanced dementia. \yv. 60 
Numerous physical signs. Euphoria. 

Still able to care for self. I. A. Tract- 


able. Apparently excellent attention. 


Less Marked Dementia. 


J.P. E., M., aged 60. Eleven months No. 45 


duration. A. T.—Considerable demen- Av. 54 
tia. Marked physical signs. Defective 
memory. Disorientation. Paralysis of 
thought. Feeling of well-being. Some 
apathy. Grandiose delusions. I. A. 

Tractable. Apparently good attention. 


Responses unusually rapid. 


J. A., F., aged 44. One year’s dura- 

tion. Demented type. A. T.—Fairly No. 18 
pronounced dementia with severe physi- Av. 49 
cal signs. I. A.—Difficult to hold in 
position. Indifferent and poor attention. 

More interested and tractable. 


REMISSION. 


F’. A., M., aged 43. Twelve years dura- Head- 
tion. Marked remission. Some emo-  move- 
tional deterioration. Slightly faulty ments. 
judgment. Some elation. Some spon- 
taneity of thought. I. A.—Conduct ex- 
cellent. Helpful. Read figures quickly 
and correctly. Marked head-movements 


interfered with tests 1 and 2. 


INSANE 


Simp. R. 


220 


270 


210 
170 


L9O 


()) 
200 


260 


L8O 
230 


LSO 


200 
200 


193 


movements. 
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ORIGINAL 
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EPILEPTICS. 


All Mode rate. 


G. a M., aged 57. Three years durn- 
tion. A. T.—Moderate dementia. Faulty 
memory. Impaired judgment.  Delu- 
sions of infidelity. Ivritability. Peri- 
odie ill-humour and violence. d. A. 
Splendid behaviour. Good interest and 
attention. 


J. F., aged 56. Twenty-six years dura- 

tion. Within last few years moderate 
deterioration. Faulty impressibility of 
memory, and faulty judgment. Increased 
irritability. I. A.—Good interest and 
apparently normal reactions. 


H. O., M., aged 37. Epileptic convul- 
sions at 24 years. Mental deterioration 
developed at 34. A. T.—Slight defects 
of judgment. Increased — irritability. 
Periodic gloominess and stubbornness. 
Slight defects of memory. I. A. 
Tractable. Good attention. 


M. B., F., aged 38. Twenty-one years 
duration. Slight deterioration. A. T. 
Increased irritability. Slight defects of 
memory. Variable moods. I. A. 
Splendid behaviour. Good interest. Ap- 
parently rapid reactions. 


IMBECILES. 


Mvt. Simp. R. 
No. 19 Sad 330 
Av. 67 300 

290 
270 
298 
ma BP .. 366 
Ay. 64 210 
260 
240 
228 
No. 9 ene 190 
Av. 67 200 
LOD 
No. 8 ... 170 
Ay. 80 200 
220 
L197 





Pend. R. 
290 
250 
290 
290 


240 
240 
210 


240 
220 


99) 


asv 


200 


221 


Five cases of moderate imbecility gave only very scanty material. There 


were, however, no cases of the pracox pursuit. 


[1] DevaBarre, E. B. ‘‘A Method of Recording the Eye-Movements,”’ 
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PUBLICATIONS RECENTLY RECEIVED. 


[Notes on a book under this heading do not preclude a 


. } 
subsequent review. | 


I Aphasie de Broca. Par Dr. Francois Moutter. Travail du laboratoire 
de M. le Professeur Pierre Marie. Pp. 774. Paris: Steinheil, 1908. 
This work contains an authoritative statement of the views of Professor 
Marie on the subject of aphasia by one of his pupils. An excellent sketch of 
the history of the subject is preceded by a succinct account of Professor 
Marie’s criticism and theories. The second part of the work is devoted to 
Broca’s aphasia and its cerebral localization. This is followed by a clinical 
study of its phenomena, with a summary of the cases published between 1861 
and 1906. The second half of the book is taken up with the personal observa- 
tions of the author, illustrated with horizontal sections of the affected brains. 
We hope to consider the results obtained by Professor Marie and his pupils 


in the next number of this Journal. 


Drei Aufsétze aus dem Apraxiegebiet. Von Professor Dr. H. LizpMann, 
S. 80. Berlin: Karger, 1908. 


A useful reprint of the following three papers by Professor Liepmann: 
~ Kleine Hilfsmittel bei der Untersuchung von Gehirnkranken ” (1905); ~ Die 
linke Hemisphiire und das Handeln ” (1905): “ Uber die Funktion des Balkens 
beim Handeln und die Beziehungen von Aphasie und Apraxie zur Intelligenz ”’ 
(1907). All these papers were alluded to in the article on “ Apraxia” in Brain, 
1908, p. 164. 


Der Bau der Spinalganglien des Menschen und der Saugetiere. Von Dr. 
A. S$. Docten. SS. 151, mit 14 Tafeln und 5 Abbildungen im Text. 
Jena: Fischer, 1908. 

In this book the author puts together the results of many years’ work. 
Much has already been published in papers contained in various journals, but 
it will be of great value to all who work on the structure of the nervous 
system to possess the author’s views in so convenient a form. He deals, more- 
over, with the most recent questions concerning the ganglia of the posterior 
root such as the regenerative processes which may occur within it. The 


figures are unusually beautiful. 
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Der Unfall in der Atiologie der Nervenkrankheiten.. Von Dr. Kurt 
MENDEL. S$. 189. Berlin: Karger, 1908. 


A useful little book dealing with a most difficult subject. The author 
considers the relation of accident to general paralysis of the insane, tumours 
and abscesses of the brain, tabes dorsalis, disseminated sclerosis and syringo- 
myelia. He also deals with the effect of injury in progressive muscular 
atrophy, paralysis agitans, exophthalmic goitre and epilepsy. This work 
should be consulted by all who are about to give an opinion on the legal 


aspects of an accident in these diseases. 


Lehrbuch der Nervenkrankheiten. Von Dr. H. OprEnnetm. Fiinfte 
vermehrte und verbesserte Auflage, mit 432 Abbildungen im Text 
und 8 Tafeln. S. 1641. Berlin: Karger, 1908. 


This well-known work has been greatly improved by a large number of 
additions and is completely up to date. It remains the best general text-book 
in any language on account of the fulness with which the literature is cited. 
This edition should find a place on the shelves of all neurologists. 


Recidivism. By J. F. Sutwertanp, M.D. Pp. 115. Edinburgh: 
William Green, 1908. 


This book is the outcome of four articles contributed to the Journal of 
Mental Science and of evidence ,given before the Royal Commission on the 
~ Care and Control of the Feeble-minded.”” The nature, prevalence, and causes 
of recurrent crime are dealt with, and a chapter is devoted to the legal attitude 
towards the problem. 
Nerven und Seele. Von Dr. Patt Krontuan. 8. 431. Jena: Fischer, 
L908. 


An attempt to correlate the results of microscopical anatomy, with physio- 
logical and psychological facts. The first half of the book deals with the 
general physiology of the nervous system; the second half is devoted to 
psychology. As he has made no researches of his own the author is dependent 
entirely upon the work of others, and his philosophic views are coloured by the 
selection he has made amongst well-known but incompatible theories. 


Arbeiten aus der Psychiatrischen Klinik zu Wiirzburg. Herausgegeben 
von Privatdozent Dr. Martin REIcHARDT. Zweiter Heft. 8S. 94. 
Jena: Gustav Fischer, 1908. 


Contains a paper by Dr. Reichardt in which the fixed pupil is attributed 
to changes in the cervical spinal cord rather than to disease in higher parts of 
the nervous system. In another paper the same author suggests that diabetes 
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insipidus may arise as the symptom of mental disease. We must confess that 
we do not understand either the method of printing or the contents of the first 
communication in this volume, by Professor Conrad Rieger. 










Exposé des Titres et Travaux Scientifiques du Docteur Pierre Marie. 
Pp. 247 Paris: Masson 1908. 















Consists of a summary of the papers written by Professor Marie, together 
with a list of the cases described by him before various societies. A purely 
personal record, 


Writers of ‘‘Original Articles and Clinical Cases” are supplied free of charge 
with 50 copies reprinted in the form in which the paper stands in the pages of 
Brain.” If reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, at the expense of the writers, 
from Messrs. BALE, SONS & DANIELSSON, Ltd., 83-91, Great Titchfield Street, 
London, W. 


Members of the Neurological Section of the Royal Society of Medicine can 
obtain the Index of “ Brain” for the Volumes |. to XXIII. inclusive, that is, from 
its commencement to the end of 1900, from Messrs. MACMILLAN & CO., Ltd., 
St. Martin’s Street, London, W.C., at the price of 6s. 6d., post free. 


To those who are not members of the Neurological Section of the Royal 
Society of Medicine the price is 8s. 6d. net, and the volume may be obtained 
through any bookseller. 
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